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1.0  Introduction 

Recently,  tiie  Army  has  klentified  a  need  for  researching  mediods  to  maintain  older 
dectionic  equipment  built  with  technology  that  is  no  longer  commercially  available. 
Consequently,  Army  Research  Laboratory  (ARL)  has  been  investigating  reverse 
engineering  methods  to  deal  widkdtis  problem.  One  reverse  engineering  method  ARL  has 
been  investigating  is  the  use  of  the  VHSIC  Hardware  Description  Language  (VHDL)  for 
documentation  of  circuits  for  future  redesign  and  reengineering  ft^  efficient  electmiics 
leprocurememt  Ihe  VHSIC  Hardware  Description  Language  (VHDL)  became  an 
Institute  of  Electrical  and  Etoctnmics  Engineers  (IEEE)  standard  in  1987.  Since  then,  die 
DqMurtment  of  Defonae  (D(X))  has  required  diat  digital  qtfdicaiion  qpedfic  integrated 
circuits  (ASICs)  be  documented  by  means  of  structural  and  behavioral  VHDL 
desetipdons.  Behavioral  VHDL  deacr^ons  must  describe  die  irqmVouqmt  behavior  at  a 
suffidendy  detailed  level  to  permit  the  behavioral  descr^on  to  be  used  widiin  a  larger 

VHDL  model  for  test  generadon  and  fonlt  grading  of  the  contained  modeL^  The  VHDL 
descc^ons  must  also  meet  die  guidelines  stated  in  the  Data  hem  Deaeration  (DID)  for 

VHDLdeUverables.^ 

One  recent  vehicle  to  drive  die  research  of  VHIX/  for  reverse  engrneering  documentation 
was  modeling  three  ASICs  recendy  redeiipied  by  EPSD  to  emulate  three  older  ASICs 
that  the  Army  could  no  longer  procure.  The  U.S.  Anny  Communications-Electromcs 
Command  (CECOM)  identified  a  requirement  for  five  hundred  of  eadi  of  the  diree 
replacement  ASICs.  These  three  ASK!s  form  part  of  the  antenna  coiqiler  for  the  AN/ 
FRC-70  radio,  which  is  used  by  Army  Special  Operatiem  Forces.  Tlie  three  ASICs  were  a 
relay  and  pulse  counter  (SM-B-746131),  a  timemut  and  delay  counter  (SM-kw74639S), 
and  a  controller  circoit  (SM-B'746396).  The  relay  and  pulse  counter  consists  of  two  rday 
counters,  two  pulse  counters,  a  clock  generation  circoit  for  the  pulse  counters,  a  sensitivity 
detection  drciiit,  and  a  reset  and  switch  required  signal  generator.  The  time-out  and  delay 
counter  consists  of  a  time-out  counter,  a  pulse  delay  counter,  a  pulse  generator,  and  a  pulse 
turnoff  counter.  Die  controller  circuit  consists  of  a  program  counter  and  die  logic 
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necessary  to  control  the  associated  circuitry  (including  the  odier  two  ASICs)  requited  to 
coiq)le  an  antenna  to  the  transmitter  of  the  PRC-70. 

The  three  older  ASICs  were  designed  by  Riehl  Tline  Corporation,  Whqtpany,  NJ  in  die 
middle  to  late  1970s.  They  were  manufactured  in  7  micron  CMOS  and  requited  a  power 
supply  voltage  of  9  to  11  volts  with  an  absolute  maximum  rating  of  IS  volts  on  every  pin 
(instead  of  the  5  volts  available  in  most  of  today's  technology).  ITie  requited  test 
frequency  and  operating  frequency  in  die  radio  was  25  kHz.  They  were  also  requited  to 
meet  MIL-STD-883  class  B  qualifications.  In  addition  to  die  problem  of  finding  a 
commercial  source  to  meet  die  voltage,  quali^,  and  quantity  requirements  at  a  reasonable 
cost,  the  new  ASICs  also  had  to  match  die  original  timing  qiecificatioiis  to  ensure  diat 
they  would  operate  cotiecdy  in  die  radio  avtt  the  range  of  operating  conditions.  Often, 
that  is  a  problem  with  older  conqwnents.  The  original  circuits  had  large  path  delays. 
Circuit  path  delays  are  usually  decreased  as  the  technology  to  fabricated  electroiiic 
corrqionents  changes. 

Initially,  die  origina]  specifications  for  the  ciroiits  w«c  needed  for  the  primary  redesign. 
CECOM  delivered  logic  diagrams  and  test  vector  tables  along  with  die  source  control 
drawings  of  the  original  drcuits  to  ARL’s  Electronics  and  Power  Sources  Directorate 
(EPSD).  The  diagrams,  tables,  and  drawings  served  as  documentatitm  for  reference  in 
redesigning,  simulating,  fobricating,  and  testing  drcuits  that  could  be  used  as 
rqilaoements  for  the  original  circuits.  Ibb^iaruia  Amty  Dqwt  (TOAD),  where  die 
antenna  coupler  boards  were  to  be  rebuilt,  jnovided  several  sets  of  the  original  ASICs  for 
use  as  reference  devices  as  well  as  access  to  the  aqiability  to  test  die  redesigned  drcuits  in 
boards  and  radios. 

ARL  used  die  Defense  Logistics  Agency  (DLA)  sponsored  iSeneralized  Emulation  of 
Microcircuits  (OEM)  piocess,  developed  Ity  David  Samoff  Research  Center  (DSRC)  in 
Princeton,  NJ,  to  fabricate  new  PRC-70  chips.  The  OEM  process  inqilements  a  gate  array 
with  a  capability  to  insert  resistive  and  cqiadtive  (RC  network)  components  in  order  to 
control  a  circuit’s  path  ddays.  This  option  allows  a  gate  by  gate  and  cell  by  cell  timing 
match  to  the  original  circuit  elements  in  order  to  increase  the  capability  of  the  process  to 
effidenUy  epiulate  original  ASICs  in  form,  fit  and  function.  DSRC  customized  the  OEM 
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process  slightly  to  include  a  power  supply  voltage  requirefnent  of  ^0  volts 

to  conqilelB  the  emulation  of  the  original  PRC-70  circuits. 


In  order  to  document  die  design  in  a  consistendy  readable  form,  all  diree  ASICs  were 
modeled  in  structural  VHDL  to  match  the  schemadc.  The  purpose  of  die  VHDL  modeling 
was  also  to  develop  a  general  approach  to  designing  and  validating  any  digital  circuit 
The  VHDL  models  serve  as  a  basis  for  future  design  and  validation  of  FRC-70  ASICs. 
Each  \1IDL  model  was  validated  by  comparing  its  simulation  results  with:  (1)  the  results 
of  its  reflective  ASIC's  schematic  simulation  end  (2)  the  ASIC's  physical  test  results  from 
the  IC  tester.  The  VHDL  modds  and  documentation  to  help  eiqilain  them  must  also 
satisfy  die  requirements  of  die  VHDL  Data  Item  Description  (DID)  before  they  are 
delivered.  The  deliverables  include  aU  levels  of  the  model's  hierarchy  including  macro 
cells  and  leaf  level  modules.  These  VHDL  modules  were  created  for  the  PRC-70  project 
and  for  future  worit  widi  the  OEM  cell  family.  This  report  discusses  a  mediod  for 
modeling  and  simulating  designs  in  VHDL  for  documenting  redesigned  circuits  originally 
produced  from  obsolete  technology.  It  documents  an  i^oproach  to  organizing  a  model  and 
its  hierarchy.  It  also  gives  an  account  of  problems  that  can  occur  and  their  solutions.  The 
discussion  will  use  the  PRC-70  models  as  an  illustration  of  the  methods. 


2.0  Modeling  Approach 

Tht  methodology  for  structural  modeling  of  integrated  circuits  is  outlined  in  Figure  1. 


s 


nGUREL  OatliMtfStrMtwnriModdlitMBlhod 

To  illustrate  the  methods  described  in  Figure  1,  a  desorption  of  die  application  of  the 
method  for  modeling  die  PRC>70  follows. 

Creation  of  the  PRC-70  models  began  widi  modeling  gates  and  other  primitive  cells  in  the 
cell  libraiy.  The  library  contained  all  the  cells  available  in  die  GEM  process.  Rrst,  in 
order  to  modularize  the  problem,  reduce  die  amount  of  necessary  information  for  die 
modeling  to  deal  with  at  any  given  time,  and  simplify  the  modeling  effort,  timing 
calculations  were  sqiarated  bom  the  structural  models.  Three  packages  were  created  diat 
contain  functions,  constants,  and  data  to  compute  timing  and  delay  values  for  each  OEM 
library  cell.  The  three  packages  were  gon^constants,  gem^detaiys,  and  tables  (Appendix 
A).  Figure  2  illustrates  how  the  packages  were  used  to  perform  the  necessary  calculatioiis 
for  each  cell.  The  source  control  drawings  from  CECOM  and  the  OEM  cell  library 
specifications  from  DSRC  contained  all  the  parameters  and  equi^ons  necessary  to  derive 
the  arithmetic  functions  in  the  packages.  These  fimctions  calculated  delays  due  to 
ambient  ten^perature,  fuiout,  voltage  variation,  and  intrinsic  delays  due  to  rise  and  fall 
time.  If  any  parameter  values  were  out  of  a  specific  range  declared  in  the  package,  the 
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package  would  produce  a  message  to  notify  the  user  and  dien  use  die  minimum  or 
maximum  value  of  the  parameter  for  its  cakulations  depending  on  which  end  of  diersnge 
the  parameter  value  exceeded. 

The  fint  package,  gem^oonstants,  contained  a  load  constant,  used  in  the  delay 
calculations.  The  gem.delnys  package  petf(»med  die  necessary  calculations  for  gate 
timing  and  delays^  The  tables  package  contained  taUes  for  each  libnory  cell  Each  table 
consisted  of  slope  M  and  Y  intercqit  values  of  the  characteristic  loading  curves  of  the 
respective  cell.  The  gem^ddays  package  used  these  values  along  widi  die  value  of  Cj, 
from  gemjoonstants  and  values  for  fonout  F  to  compute  a  delay  due  to  loading  ^  widi 
the  equation: 

(BQl) 

Then  the  load  delay  is  scaled  by  a  rise  or  M  delay  scaling  factor  due  to  die  power  supply 
voltage  (S,<vnD)  Mid  respectivdy),  Yod  and  also  a  rise  or  foil  dday  scaling  factor 
caused  by  tenqierature  and  T  to  give  the  total  rise  or  fall  time 

and  it^qiecdve  cell: 


(BQ2) 

and 

■  H  S,(VDD)^r(tmr) 

(PQ3) 

where  the  equations  for  and  Sjfypp)  are: 

iifVBDj  -  0.64798  +  0.070739 +1.0/Vod^-8.4494/Ydd^ 

(BQ4) 

and 

Sj(VDD)  •  ’  0M95IVpo  * 183941  Vdo^ 

(BQ5) 

and  the  equations  for  rise  ind  ftll  delay  scaling  ficton  due  to  tempeiature  7in  *K  are: 


•  9J2i4i  * 
and 

Sj(^  -  9J0m  4  (l£9tfxl9*)T* 


(EQd) 

<PQ7) 


The  gem^ddvjs  package  will  letuin  die  rise  delay  and  ftll  delay  values  scaled  in 
nanoseconds  which  will  control  the  timing  of  the  model  during  ahnuiatinn  F.  Vbo  and 

tenq>entuie  T  were  obtained  from  geneik  parameters  in  each  OEM  cell  bdiavioral 
deso^tion. 
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FIGURE  2.  I^Mlogj  Pada«ci  Moddiaf  Coutructfoa 


Following  the  package  development,  each  element  of  the  GEM  cell  library  was  modeled 
with  behavioral  VHDL  code  (Appendix  A).  The  models  contained  basic  behavior  and 
timing  that  was  calculated  by  calling  the  equation  functions  in  the  gein_ddays  package. 
For  example,  here  in  Figure  3  is  the  code  for  the  behavior  of  the  GEM  inverter  library  cell. 
The  code  contains  variables  INV_R1SE_DELAY  and  ]NV_FALL_DELAY  to  calculate 
timing  of  the  cell  by  calling  functions  from  package  gem_ddays  through 
GET_CELLJ5ATA. 


use  woik.GEM_CONSTANTS.ill; 
use  woik.GEM_pELAYS.all; 
use  wotk.tables.all; 
use  STD.StandaFd.all; 
end^lNVis 

genetic  (DELAY:  time;  FANOim  integer;  VDD  teal;  TEMPERATURE: 

leak  INV  TABLE:  cel]_values); 
port  (INPUT;  in  bit:=*0’;  OUTPUT:  out  bit=‘l*); 
end  INV; 

atchitecture  BEHAVIORAL  of  INV  is 

signal  ceU_veision:  Stiing(l  to  16);s’*  “; 

signal  tise  deLfalLdel:  i^:— 0.0: 

signal  INV_RISE_DELAY4NV_FALL JDELAY:  time:*  1  ft; 


GET_CELL_DATA(INV_TABLE.DELAYiOAD,VDD,TEMPERATURE4'ANOUT. 
celLvctsion,  rise_del.&lLdeL 
INV_RISE_PELAY.1NV_FALLJ)ELAY); 

process 

begin 

if  (INPUT  *‘0’)tfien 

OUTPUT  <=  not  INPUT  after  INV_RISE_DELAY; 
else 

OUTPUT  <=  not  INPUT  after  INV_FALL_DELAy; 
end  if; 

wait  on  INPUTS 
end  process; 
end  BEHAVIORAL; 


HGURE  3.  Behavioral  VHDL  Code  for  Inverter  CeU 

The  second  step  involved  the  creation  of  macro  ceils  (Appendix  A)  using  some  of  the 
GEM  cell  library  elements.  Figures  4  through  9  show  the  schematics  of  macro  cells.  Table 
1  contains  a  list  of  the  macro  cells  and  the  numbers  of  each  individual  GEM  cell  library 
element  or  macro  cell  instantiated  in  each  macro  cell. 
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TABLE!.  Macro CcUIMttttMioMiBASICiMMroCtli 


Macro 

caBs 

GEM 

ccU 

library 

dcaaeat 

Dlip  lop 
wUhraaet 

Dip 

fopw/ 

set 

••■raeet 

and/or 

regisler 

aynchro 

IsarbR 

coanter 

flvebtt 

down 

ooantar 

nine 

stage 

ripp^ 

tbirtssn 

stage 

r^ple 

coanter 

It- 

sU«e 

roaiBtar 

liapat 

nand 

2 

12 

3 

Siapat 

NAND 

4 

6 

3 

liapat 

NOR 

2 

1 

Siapiit 

NOR 

3 

1 

Atapat 

NOR 

1 

1 

Dlip 

flopw/ 

mat 

H 

5 

9 

13 

18 

iavcrlcr 

6 

”3” 

1 

1 

2 

baffcr 

2 

2 

cnla- 

dvcBor 

3 

3 

hd 

balTcr 

1 

1 

1 

2  inpat 
AND 

12 

Modeling  the  tfiree  ASICs  with  the  proper  cell  instantiations  and  signal  mapping  occurred 
next  (Appendix  A).  Hie  schematics  used  to  describe  the  structure  were  drawn  and 
simulated  on  a  Mentor  Graphics  workstation.  Figures  10  through  12  show  the  schematics 
of  the  ASICs.  Table  2  lists  the  three  chips  and  the  numbers  of  each  of  the  macro  cells 
instantiated  in  the  model  of  each  ASIC.  Each  ASIC  also  included  several  of  the  basic 
GEM  library  cells. 
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TABLE  a.  Macro  CdilMtiBtMlou  tai  ASICi 


Macro 

cdb 

GEM 

ed 

iMWy 

lltIMt 

DBlplop 

wittnsat 

Dip 
lop  W 
aot+ 
rosit 

and/or 

nglBlir 

cjnchro* 

ItoarMl 

conator 

Irobtt 

ap/ 

doom 

conntor 

alnt 

ttaio 

ttiilaan 

r^ 

eoanlir 

nlajA 

palM 

6 

1 

3 

2 

out* 

•Waj^ 

5 

1 

1 

1 

1 

22 

2 

After  coding  each  ASIC  description,  a  snnall  modification  file  was  created  for  each  ASIC. 
This  file  was  used  to  pass  the  operating  conditions  (voltage  and  tenq)eratiiie)  to  the  model. 
Hgore  13  diagrams  the  flow  of  parameters  from  the  modification  file  through  the 
hierarchy.  The  operating  conditions  were  coded  into  the  modification  file  and  were  passed 
as  generics  through  die  model  hierarchy  to  the  cells  and  used  to  determine  die  cell  delays. 
This  method  allowed  users  to  change  die  tenqieratore  and  voltage  conditions  easily  and 
quickly  without  the  need  to  reconqiile  any  code  below  die  modification  file  in  the 
hierarchy.  This  permitted  coniplete  testing  of  die  model  throughout  the  full  range  of 
operating  conditions  (-SS'C  to  100*C  and  9  volts  to  11  volts). 


It 


r  GENERIC  MAP  (TEMPERATURE->?,  Vdd->?);  ^ 


r  GENERIC  MAP(rEMPERATURE->TEMPERATURE,] 
•  Vdd->Vdd,  FAN0UT->?);  I 

L-._  —  — _ _ _ _ _ _ _ J 


r  get_cellJdata  ^ 

I  (Temperature,  Vqd\ - 

•  Fanout,...)  ' 

1  - 

I  I 

I  I 

..J 

GEM  gate 


nGURE  13.  Fuimiar  ModiftGitioB  flow  Diagnoi 

After  completion  of  the  model  of  each  ASIC,  a  test  bench  for  each  model  was  created. 
Each  test  bench  assigned  signal  values  at  iq>ecified  times  sent  them  into  the  ASIC  model 
through  port  map  statements.  The  test  benches  for  the  relay  and  pulse  counter  and  the 
controller  circuit  models  generated  simulation  run  files  Aat  contained  records  of  all  signal 
transactions  that  occurred  during  the  simulation.  These  run  files  woe  used  to  generate 
ou^ut  report  files  for  examination  and  verification  of  die  simulation.  Tb  generate  the 
ou^ut  rqiort  files,  report  control  langua^  files  were  created  which  the  tool  used  as  a 
specification  for  extracting  the  ou^uts  coded  in  the  tun  files  and  formatting  them  into 
readable  chart  files.  Each  test  bench  was  simulated  using  bodi  die  Intermetrics  version  2.2 
simulator  hosted  on  a  VAX  (6000-310)  and  the  Valid  (Intermetrics  version  3.15)  tool  set 
hosted  on  a  SUN  Spaicserver  630MP. 

Because  of  the  large  number  of  test  vectors  for  the  dme-out  and  delay  counter,  manual 
validation  of  the  simulation  ouqiut  was  not  jmKXicaL  Therefore,  a  process  was  added  to 
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the  test  bench  to  automate  the  examination  and  verification  of  the  simulation  results.  An 
ASCII  file  from  the  IC  tester  (pp.  124*125,  Appendix  A)  was  used  to  provide  the  model's 
simulation  with  the  appropriate  ou^ut  results  for  comparison.  The  lines  in  dte  ASCII  file 
were  numbered  to  match  line  numbers  on  tfw  truth  table  supplied  as  part  of  the 
iocumentadon.  First  the  test  bench  sent  input  stimuli  to  the  model  dirough  hard  coded 
signal  assignment  statements.  After  diat,  die  added  process  controlled  die  comparison  of 
the  ouQiut  vectors.  First,  the  process  read  in  a  line  firom  die  ASCII  file  as  a  string.  Next, 
the  line  numbers  in  the  string  were  converted  to  time  marks.  The  remainder  of  die  string 
was  divided  into  input  and  ou^ut  strings.  Since  the  inputs  for  die  model  were  hard-coded, 
the  tester’s  input  string  was  ignored.  The  process  con^iiled  the  output  signals  at  the  time 
marks  into  anodier  string  that  was  compared  with  its  corre^nding  ou^ut  string  from  the 
IC  tester’s  ASCII  file.  Finally,  the  process  wrote  both  ou^ut  strings  to  an  ASCII  ou^ut 
file  (pp.  125-126,  Appendix  A).  The  actual  converted  tiine  mark,  a  mismatch  warning, 
and  the  position  numbers  of  any  values  that  did  not  match  between  the  two  ou^ut  strings 
were  reported  after  each  string  of  ou^ut  data  in  die  ASCII  ouQiut  file.  This  enabled  the 
user  to  quickly  scan  the  output  file  for  any  inc<»iect  output  values. 

3.0  Problems  and  Solutions 

Functioning  circuit  designs  do  not  always  lead  to  error-proof  VHDL  simulations.  One 
particular  simulation  obstacle  to  watch  for  is  race  conditions  in  gate  pairs  diat  are  in  a 
feedback  loop.  Modeling  drcuits  with  gale  pairs  in  feedback  loops  in  an  idealized 
simulation  environment  can  lead  to  initialization  problons.  This  is  due  to  a  race  condition 
in  the  pair  which  prevents  the  ouqiuts  of  each  gate  from  reaching  a  stable,  defined  state. 
The  stractural  VHDL  model  of  die  D  flip  flop  mactocells  and  pieces  of  the  ASIC  models 
contained  such  a  construct  in  the  form  of  cross-coupled  NAND  gates.  The  ouqiuts  of 
both  gates  had  to  initialize  to  a  known  state  befcve  the  simulation  could  proceed  past  time 
zero.  However,  because  the  gate  delay  on  each  gate  was  identical,  the  ouqiuts  were 
continuously  changing  states  during  the  time  zero  initialization  process.  This  prevented 
the  simulation  from  moving  past  time  zero.  (Realistically,  the  feedback  paths  of  a  physical 
circuit  will  not  have  exactly  identical  podi  delays.)  Figure  14  shows  a  general  schematic 
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of  the  latch  construct  and  the  ou^uts  at  dme  equal  to  zero  when  simulated  under  race 
conditions. 


FIGURE  14.  Latch  C(«stnict  With  Output  States  at  nme  Zero  During  SimuiatiOD 

To  compensate  for  this  obstacle  another  generic  parameter  was  added  to  the  NAND  gates, 
AND  gates,  and  NOR  gates  in  the  GEM  cell  library.  This  parameter,  called  INITDELAY 
was  used  to  offset  the  synchronizadon  of  the  gate  pair.  One  of  the  gates  of  every  latch 
constract  was  given  a  non-zero  value  (1  femtosecond)  for  INITDELAY,  making  the  path 
delays  unequal  between  the  two  gates.  This  prevented  the  timing  of  data  through  the  gates 
from  being  completely  simultaneous  and  prevented  any  simulation  race  condition  in  the 
pair.  Figure  3  shows  a  general  schematic  of  the  latch  construct  and  the  ouq)uts  at  time 
equal  to  zero  when  simulated  under  race  conditions. 

Another  potential  obstacle  is  in  verifying  the  simulation  data  against  IC  test  data.  If  a 
device  does  not  have  the  appropriate  circuitry  to  power  up  in  a  known  state,  device 
variation  may  cause  differences  in  power  up  state,  and  therefore  in  tester  results  between 
ICs.  This  ^pe  of  device  variation  is  difficult  to  model  in  a  VHDL  simulation.  For 
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instance,  tiie  time-out  and  delay  counter  contained  an  eighteen  stage  ripple  counter  with  a 
pair  of  preceding  D  flip  flops  functioning  as  a  divide-by-duee  prescaler  (Figure  IS). 


The  active  low  reset  inputs  on  the  two  D  flip  flops  were  connected  to  Vdd,  causing  the  flip 
flops  to  pov/er  up  in  an  unknown  state.  This  made  it  impossible  to  predict  when  the  ripple 
counter  would  start  a  counting  sequence  since  the  q  output  on  the  second  D  flip  flop  of  die 
prescaler  connected  to  the  clock  input  of  the  eighteen  stage  ripple  counter.  Depending  on 
the  initial  state,  either  one,  two,  or  three  CLOCK  cycles  would  be  necessary  to  initialize 
the  ouqiut  to  the  correct  state  to  start  the  first  counting  sequence  on  the  eighteen  stage 
ripple  counter.  Once  the  first  correct  output  appears  the  rest  of  the  operation  occurs  at 
regular  CLOCK  intervals.  Therefore,  the  output  sequence  is  completely  predictable  after 
the  occurrence  of  the  first  correct  output  When  the  circuit  was  tested  on  the  IC  tester, 
extra  cycles  were  added  to  the  CLOCK  input  when  the  first  output  from  the  eighteen  stage 
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counter  was  e}q)ected  so  that  there  would  be  one,  two,  or  three  CXCX^K  periods  possible 
when  testing  the  IC.  Since  it  was  not  predictable  which  state  any  given  IC  would  power 
up  in,  this  allowed  one  test  program  to  test  all  of  the  time-out  and  delay  counter  ICs  with 
no  additional  work.  An  idealized  simulation  environment  does  not  identify  this  problem 
since  the  flip  flops  of  the  divide  by  three  prescaler  will  always  “power  up”  in  the  same 
default  state.  Based  on  the  three  IC  tester  results,  the  VHDL  simulation  results  were 
matched  with  the  corresponding  physical  test  to  determine  which  test  scenario  version  was 
being  simulated  with  the  original  test  vectors.  Once  the  correct  scenario  version  was 
determined,  the  input  vectors  in  the  test  bench  and  the  vectors  in  the  ASCII  file  w'ere 
changed  to  correspond  to  all  three  scenario  versions  of  the  physical  IC  test  vectors.  Thus, 
the  model  could  be  verified  for  accuracy  no  matter  how  many  CLOCK  cycles  were 
necessary  to  correctly  initialize  the  ou^ut  of  the  two  D  flip  flops  and  activate  the  eighteen 
stage  ripple  counter.  Though  fliere  are  ways  of  forcing  initial  states  in  simulators,  there  is 
no  easy  method  of  verifying  that  a  non-initialized  design  works  correctly  under  all 
conditions.  It  is  advisable  to  design  circuits  that  have  the  proper  circuitry  to  ensure  that 
the  circuits  power  up  in  a  known  state. 

In  order  to  investigate  portability  of  the  VHDL  models  between  simulators,  the  VHDL 
models  were  simulated  on  tools  from  three  different  vendors.  Several  potential 
portability  problems  were  identified.  One  problem  is  the  fidelity  with  which  the  simulator 
implements  the  ANSI/IEEE- 1076  standard  for  VHDL.  For  example,  the  first  VHDL 
analyzer  used  in  this  effort  accepted  certain  language  constructs  that  did  not  comply  to  the 
language  standard.  This  was  only  discovered  when  the  models  were  analyzed  in  a 
different  vendor’s  VHDL  environment  Another  potential  difference  is  that  the  standard 
only  specifies  certain  bounds  on  the  range  of  types:  real,  integer,  and  time.  A  problem  that 
arose  while  simulating  the  PRC-70  models  on  different  simulators  was  that  the  1 
femtosecond  delay  selected  for  INTIDELAY  caused  some  simulators  to  run  out  of  time. 

A  1-femtosecond  time  base  with  the  standard’s  minimum  time  limit  of  2^^  or 
2,147,483,647  base  time  units  gives  a  maximum  simttlation  time  of  a  little  over  2 
microseconds.  Since  each  simulation  must  run  for  almost  2  milliseconds  to  pass  all  of  the 
test  vectors,  the  simulation  ran  out  of  time  units  before  simulation  was  complete.  The 
simulator’s  error  message  for  this  problem  was  also  very  difficult  to  understand. 
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Simulators  vdtfi  a  larger  (2^^)  tune  limit  had  no  problems  with  the  1  femtosecond 
INITDELAY.  If  the  base  is  one  nanosecond,  the  longest  simulation  time  allowable  would 
be  2.15  seconds.  Changing  INTIDELAY  to  1  nanosecond  allowed  the  simulations  to 

complete  nonnally  on  a  simulator  with  a  2^^  time  base. 

4.0  Conclusions 

The  redesigned  ASICs  were  manufactured  using  the  1218  cell  GEM  gate  array.  The  GEM 
ASICs  passed  the  MIL-STD  883B  screening  at  ARL  and  were  successfully  tested  at 
TOAD  on  the  antenna  coupler  board  and  in  the  PRC-70  radio.  The  PRC-70  ASIC 
redesign  served  as  an  excellent  vehicle  for  studying  the  utility  of  VHDL  models  for 
documenting,  simulating,  and  validating  redesigned  ASICs  for  replacement  of  hardware 
composed  of  obsolete  technology  and  with  only  paper  documentation. 

Improvement  of  the  process  for  design,  documentation,  and  validation  is  extremely 
important  Much  of  the  Army’s  electronic  equ4)ment  has  been  in  existence  for  a  long  time 
and,  in  many  cases,  spare  parts  are  in  short  supply  and  are  not  readily  available 
commercially.  The  high  pace  of  technology  change  has  caused  this  difficulty  to  be  a  major 
obstacle  in  maintaining  the  operational  readiness  of  equipment  Simulatable  human  and 
nuichine  readable  documentation,  such  as  VHDL,  can  play  an  important  role  in  solving 
this  problem. 
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APPENDIX  A 

V!}{(DL  Source  Co(Ce 
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-  uae  S11>^imuIjtfiarJ5tindKdj]l; 
package  tables  is 

type  celLpanmeten  is  lecoid 
Vexsion:  lime; 

Description:  Striiig(l  to  KS); 

R:  Integen 

C:  Real; 

Slape_riae:  Real; 

Litefcepcrise:  Real; 

Slopejdl:  Real; 

InieicepuEril:  Real; 
endieooid; 

type  cdLyaliies  is  anay  (Positive  range  o)  of  cdLparameten; 

constant  invjaiUe :  oelLvahies^  (1  a> 

(  1  ns,  “mvjns  0.  0.0,  5,60,  8.00,  7.00,  8J)0) 

); 


constant  invjGracttiUe :  cdLvalues.'s  (1 » 

(  1  ns,  ‘invjBSt.lns  ^  0.  ao.  5.60,  8.00,  7.00,  8.00) 

); 

constant  and2_table  :  celLvalues:*  (1^ 

(  1  ns,  “amC.lns  «,  0.  0.0,  6.80,  9.40,  7.3a  7.90; 

); 


constant  and2_|Bst_table  :  celLvtdoes:«  (!■> 

(  1  ns,  «and2_ftst_lns  “,  0,  0.0,  6,80,  9.40,  7.30,  7.90) 

); 

constant  and3_table  :  oell_val«its:B  (1^ 

(  Ins,  “and3_lns  0,  0.0,  7,00,  153,  7.6a  8.00) 

); 


constant  and3_£Bst^table  :  celLvalues:-  (lac» 

(  1  ns,  **and3_fast_liis  “,  0,  0.0,  7.00,  15.3,  7.60,  8.00) 

); 

constant  nand2jtable:  celLvalueo  (!■> 

(  Ins,  “nand2_lns  0,  0.0,  5.70,  8.10,  7m  11.6) 

); 


constant  narid2_fiisiLtable:  ceULvaliies>  (1>» 

(  1  ns,  “nand2_fesLlns  “,  0,  0.0,  5.70,  8.10,  7.00,  11.6) 

); 


constant  nand3_table:  ceULvaliies:>  (1>> 

(  Ins,  “nand3_lns  “,  0,  0.0,  530.  830,  530,  22.6) 

); 


constant  nand3_£ral;_table:  celLvalues:*  (1» 

(  1  ns,  **nand3_fast.ln8  0,  0.0.  5.80.  830,  5.60,  223) 
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); 


constant  naiMMjable:  celLvalues^B  (1«> 

(  1  ns,  “nand4  Jns  0,  0.0,  6.00,  8.70,  6i)0,  29.4) 

); 


constant  nand4_^KtjaUB:  odLvalnes^  (!■> 

(  Ins,  "naiwl4.,ftBt_lns  0,  0.0,  &00,  8.70,  6jOO,  29.4) 

); 


constant  nand5_taUB:  cdLvahies:*  (!■> 

(  Ins,  *1iandS_lns  0,  0.0,  5^0,  8 JO,  7.00.  30.9) 

): 

constant  nandS^fast-Obk:  cdLvalues^  (!■» 

(  Ins,  ‘VtandS.fBBLlns  0,  OX).  5.80,  830.  730,  303) 

): 

constant  no(2jtabIe  :  cdLvaloes.*-  (1» 

(  Ins,  "nof2Llns  “,  0,  03.  530.  IZl.  730.  8.10) 

); 

constant  noi2JastJaUe  :  cdLvalues:«  (1«> 

(  Ins,  'iKx2_fiut_lns  “,  0,  0.0,  5.90,  12.1,  730,  8.10) 

); 


constant  noc3jiable  :  ceULvaIiies>  (!■> 

(  Ins,  “noc3_lns  “,  0,  0.0,  430,  223,  730,  8,10) 

); 


constant  nor3jEBst-table  :  cdLvalacs?>  (!■> 

1  ns.  ‘1ioc3jfes^.lns  0,  0.0,  4,30,  223,  730,  8.10) 

); 


cc  >tantno(4_table  :  cdLvaliies>  (!>> 

(  i  ns,  “noi4_lns  “,  0,  0,0,  5.10,  2.30,  730,  8.10) 

); 

constant  noi4jEut_taUe  ;  ceULvalues:«  (1  •> 

(  Ins,  *'noi4_&st.lns  “,  0,  0.0,  5.10,  230,  730,  8.10) 

); 

constant  norSjable  :  cdLvalues^e  (!■> 

(  1  ns,  “nocS.lns  “,  0,  0.0,  530,  2.93,  7.40.  830) 

); 


constant  nofS.fieijable  ;  ceULvaluesta  (!■» 

(  1  ns,  “noc5_fest_lns  “,  0,  0.0,  530.  233,  7.40,  830) 

); 


constant  exor^tabk:  cdLvaliies:*  (!» 

(  Ins,  **6xor_lplns  **,  0.  0.0.  4.00,  16.0,  6.80,  12.0) 

); 
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constant  exor_^iL.ttble:  ceILvahieK«  (lao 
(  Ins.  “exorjtet  ^  0,  0.0.  4jOO,  l&O.  6.80.  12.0) 

); 

constant  exnorjaUe:  cdLyaluesra  (!■> 

(Ins.  '^exnor.lns  0.  0.0.  7.00.  10.0.  7.20.  10.(0 

); 

constant  exnGrjtet_taUe:  cdLvalaes.'>  (!■> 

(  Ins,  *ie»KMi>st  “.  0.  0.0.  7.00,  lOA  7.20,  lOD) 

); 

constant  icJbufLtable:  ccll_valiie8>i  (1>> 

(  Ins,  1tc_buflf  0.  0.0,  0.82,  1.40,  OJ7.  3.20) 

); 

constant  1C Jbii£(jtjtable:  celLvahns:*  (1^ 

(  Ins,  ‘te.bufLf  0.  0.0,  0.82,  1.40.  0.87,  3.20) 

); 

constant  bafiUaUe:  cdLvaliies:*  (!■> 

(  1  ns.  TKUwflLlns  “.  0.  0.0,  4X)0.  830,  5.00,  7.80) 

); 

constant  outJbufLtable;  oelLvaliies>  (1^ 

(  Ins,  “ouUHifLlns  0.  0.0.  5.60,  8.00,  7.00,  8.00) 

); 

constant  hOufLtable:  celLvalues:*  (!» 

(  Ins,  ‘ItdjHifiLlns  “.  0.  0.0,  4.00,  830,  5.00,  7.80) 

); 

constant  cinos_ii\_tail>lo:  celLvalues:*  (1^ 

(Ins,  “cmos.iiulns  “,  0,  0.0,  0.10,  1.10,  0.10,  1.1Q) 

); 

constant  cinos_out.table:  cdLvalties:*  (1» 

(  Ins,  ‘‘cRKMLOUt.lns  “,  0,  0.0,  5.60,  8.00,  7.00,  8J») 

); 

constant  ciii08_pa6_table:  celLvalues>  (!■> 

(  Ins,  “cmosjndLlns  “,  0,  03,  5.60,  8.00,  730,  8.00) 

); 

constant  cino8.5vout.tatde:  ceULvaloes:*  (l«o 
(  1  ns,  ‘•ciiios_5vouUns  “,  0,  0.0,  5.60,  830,  7.00,  8.00) 

): 

omsiant  aoi22_talde ;  celLvaluesta  (1  ^ 

(  2  ns.  ‘‘noi22_2ns  ^  0.  0.0,  035.  135,  0.37,  135} 

); 
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conitant  aoi322b_iabto :  oelLvalues>  (1  ■> 

(  2  ns.  ‘^22b^  **.  0.  aO.  0^.  1.2S,  0.37.  1.2S) 

); 

oolutant  aoi332b_ttttdB:  celLvahies:*  (!■> 

(  2  ns,  ‘*aai332bjns  ^  0.  aO.  0.2S.  1.2S.  OJ7.  125) 

); 

end  tables; 


~  use  STD.SimiiIaiDr_$tandaRLaU; 
package  QEbLCQNSTANTS  is 


--  The  TOAD"  constant  is  the  Ifinit  Load  Ogntcitance  of  each  Input 

-  Pin  of  eadi  gate  in  the  OEM  Uxaiy.lUs  TOAD"  constant  is 

-  used  to  calculate  the  Fanout  Deity  with  respect  to  die  number 

-  of  gates  being  driven  Iqr  a  single  OuQmt 

constant  LOAD:REAL:i4.15; 


end  OBMLCQNSTANTS; 

--  use  SlD.Simulatoc_Standa(djtI; 

use  vK)fk.OBMjCQNSTANTS.aU: 
use  woriLTABLESjUl: 


-  Package  qtecification 

package  OEMJ>ELAYS  is 

typetri_stateis(‘X’,‘0’,  T); 

signal  celLveRion:string(l  to  10); 
signal  rise.d.CalLd.'real; 
signal  risedelay4allde]ay:tiine; 

function  GETJLOADJ)ArA(celLtdde.'oeU_vaIues:DELAY:tiine) 
letum  celLpsnuneteni: 

function  QETJL0ADJ}EIAY(SIj0FE3eal:INlSRCEFTMIj0ADaea]; 
FANOUT^integer)  ntum  real; 

fiuiction  VOLTAGE JDELAYJt(VDDaeal)  letum  real; 
function  VOLTAGE  J3ELAYJ>^D;ieal)  return  real; 

function  TEMPBRArURE_l^AYJt(DELAYaeal;TEMPERAnjRE.TeaI)  retuni  real; 
function  TEMPERATURE J>ELAY_FPELAYneal;TEMFERArUREaeal)  letum  real; 

fiinction  RISE_DELAY(VDDaeal; 

LOADJ>EL:real; 

TEMFERATURE.Teal)  return  time; 
function  FALL_DELAY(VDDml: 

LOADJ>EL:real; 
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TBMPERATUREnnl)  ntnni  dme; 


procedure  OBT_CBLl^JDArA(cdLttMc:  to  celLvhiei;  DfiLAYt  intime; 
ljOAD,^D,1BMFBtAIURE:  in  ml; 

EANOUn  inlmefer, 
sipalceQjrenion:  oiitiiriii|(l  to  IQ; 
dSMd  liMLdAILd:  witftf* 
ti|nalRISBDBLAYJV^LU3BlA^  outtime); 


endOBMJIBLAYS: 


-  FuckegeBody 
prokagebody  OBMJ>ELAYS  it 


function  <aETJLjOAD_PArA(cdUaUteceILvtlue8;nBLAY:tiroe) 
return  ceUjMtnroettR  is 

vuiabto  penmeteistcelljniiineie^ 

begin 

for  i  in  odLtaUe’Ringe  loop 
if  celLttble(i).VeRion  -  DELAY  then 
panmetKs  :■  o^tabieO); 
letnmiMnHnetBis; 

end  if. 
end  loop: 

assert  folse 

Report ‘DELAY  value  not  found  in  cell  table.” 

Severity  ERROR; 

end  OETJ.OADJ>ArA; 


function  GETJjOADJ>ELAY(SIX>FEml;IbnXRCEPnreaiajOAD»eaI; 
FANOUnint^er)  return  real  is 

variable  L0AD_DEL3eal: 
constant  FANOiniMAX:  integer  >40; 

begin 

if  (FANOUT  <  FANOUT_MAX)  then 
LOAD_DEL  :«ieal(FANOUl)*(SLQFE  *  LOAD)  -t-lNlSRCEPT ; 
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•In 

LOAD J)BL ndOFANOCniMAX)*(SLOR*LOAD) -t- 1^^ 
«ndif, 


aMert(BANOUT>0) 

npon  Akm  it  0  or  iMiatlve;  ftom  deliy  detebi  to  0  M.* 

levMllyWARraNG: 

anert  OV^NOOT  n^irr J4AX) 
icport  niie  ftnoat  it  gmttr  than  40(  it  deftolii  to  40  pto  kaft.** 
Mnacily  WARNING; 


ntuniLOADJ)EL; 
end  QETJ.OAD.raLAYi 


-  function  VOLrAORJ)ELAY 

-Thitflaictioncalcalatet  the  baticpropagaion  delay  of  the  gate 
-given  VDD. 


funcdon  V0UAa&JXELAYJt(VDD9eaI)  return  real  it 

variable  TBMPJIBLAYJL'  nal; 
constant  VDD.>aN:  reab>  9.0; 
constnt  VDD^MAX:  real9>  11.0; 


if  (VDD<  VDDJdIN)  then 
ISMP JSLAY Jl (0.64788 

+  (P.070739*(l.(yVDDJriIN)) 

•f  (8.4494*(l.(yVDDJdAX)«(l.(yVDD.MlN))) ; 

dse  if  (VDD  >  VDDXAX)  then 
TEMP_DELAY JR  :■  (0.64788 

+  (P.070739*(1.(WDDJMAX)) 

+  (8.4494*(l.(VVDDJ4AX)*(l.(yVDD,>lAX))) ; 


elae 

lEMPJMAY JR (a64788 
+  (0.070739*(1.(WDD)) 

+  (8.4494*(1.(VVDD)*(1.(WDD))) ; 


end  if, 
end  if. 


if  (lEMP.raLAYJt  <  0.0)  then 
return  0.0; 
end  if. 
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mmr  aBMF_pBIAY Jt  >•  OjQ> 
npoR  *'Cideiilaied  voittgtt  delay  it  kn  than  MR);  Mm 
aeverily  WARNING; 

aaaeR(VDD  >•  VDDJtDi) 

npm 'WDD  ten  dan  miaiinam:  vn>  defiMtis  to  VDD  rainimian.*' 
eeveriiy  WARNING; 

a8Mt(VDD  VDDJiAX) 

npoft ‘WDD  graaier  than  nuDdiBtan:  VDD  deteifts  to  VDD  naudmian  ” 
aeveriiy  WARNING: 


mum  1BMP_IffiLAYJR; 
end  VOLTAGRJSLAYJt; 


Aincdm  VOLTAQBJIBIAY J>(VDD»aI)  mum 

var)aUBmiPJ)BLAYJ>:  leal; 
oonsiNit  VDDJdlN:  leaL’a  9j0; 
coMtMit  vraojdAX:  real>  11.0; 

begin 

if  <VDD<  VDDJMIN)  then 
lEMPJSELAYJP  >  (1.9983 

•  (8.6e9S*(l.(WDD_MIN)) 

•  (18394^1j(miD_MIN)*(l.(VVDDJdIN))) ; 

ebe  if  (VDD  >  VDDJtdAX)  then 
1BMP_DELAYJ>  (1.9983 

•  (8.6e9S*(l.(WDD_MAX)) 

+  (18.394*(l.(VVDD.MAX)*(l,(yVDD_MAX))) ; 


ebe 

TBMILDELAYJ»  ?-  (15983 

-(8.6e95*(l.(VVDD)) 
(18394*(l,(WDD)*(l.(yVDD))) ; 


end  if, 
end  if 

if  (rBMPJ>ELAY_F  <  OjO)  then 
ieturoO.0; 
end  if. 


aseen  (IBMP_DELAY JP  »  0.0) 
lepoitXalcuhied  voltage  ddayb  lees  dtan  mo;  aero  baaed.’* 
severity  WARNINQ; 


se 


UNR  (VDD  >•  VDD_M1N) 
npM  **VDD  leM  ihM  nWmini;  vra  diftnlti  to  VI^ 
MvakyVAXNmO; 

an«  (VDD  om  WVDJgAX) 

niKxt  iiMiw  dan  nadniMm  VDD  deftaitt  »  Vl^ 

MvakyWARNlNO; 

Mum  IBMP J)BLAY JP; 

end  VOLTAOBJiELAYJPi 


-  AmcttalbiiipeninnJMay 

•*  Tltfifl«>ctioncoinpeoM>Be  tor  deleyiodwriliMi  296.15  detract  K 

-  liycpei9eM9eciMlqrooMaialBliilPBRdJUIUL.OQBn\ 

-  For  lenpeniura  above  398.15  d^icecK,  the  delay  tt396.1S<lepeecK 

-  isietutned.  UkacdnCortenqienMnabekmOdecmeK. 


funetkn  1EMFeRiUURB_DaAY JtpBLAY^TBMFOlAniRBacaO  1^ 


variable  miPJlfiLAYJt:  teal; 
constant  lEMP.MIN:  nal:*  0.0; 
constant  TBMP.MAX:  iccItb  39^15: 
begin 

iif  (ISMFERAnjRB  <  lEMPJMIN)  then 
lEMPJlBLAYJl DELAY*(P J224d 
+  ((1.23B-3)«m<PJ41N) 

•¥  ((1.2SB-d)*1SMP_MIN*1BMPJliiIN)) ; 

elK  if  OEMPGRAIURE  >  lEbOLMAX)  then 
TEMP J)ELAY Jl  .*>  I)ELAy*(0J2246 
+  ((1.23B-3)rmMPJ>lAX) 
((1.2SE<<)*TEMP_MAX*TEMPJdAX)) ; 

TEMP_DELAY_R 0ELAY*(a52246 
((1.23B.3riEMPERAIUKB) 

+  ((i:2SB^-nEMPBRAroitB«TSMPERArUSE)) : 

end  if; 
end  if. 

if  (TEMP J3BlAYJt  <  ao )  then 
fetuniO.0: 
end  if, 

asaen  (TEMPJIELAY Jt »  OjO) 
lepoitTiitailaiBdtemiwature  delay  ia  lets  than  aero;  WTO  is  wed.* 
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sevens  WARNING; 


assert  (lEMPERATURE  >■  0.0) 
lepott  **!lBinpentiire  qiedfied  less  than  0;  0  Is  used.” 
severity  WARNING; 

assert  (lEMPGRATURE  <=  378.15) 
report ‘Tbmpeiatuieqiecified  greater  dun  398.15;  398.15  is  used.” 
severity  WARNING; 


return  lEMPJDELAYJt; 
end  TEMPERArURE_PELAY_R; 


function  TEMPERATURE J>ELAY_F(DBLAYneai;7EMFERATUREaeal)  ROflm  real  is 

variable  TEMP JJELAYj::  real; 
constant  TEMP_MIN:  reals  0.0; 
constant  TEMP_MAX:  real>  39^.15; 

begin 

if  CIEMPERATXJRE  <  TEMP_MIN)  dten 
TEMP_DELAYJF DELAY*(0 J0673 
+  ((l.e967E-3)*TEMP_MIN) 

.  ((U889E-7)*TEMP^MINnEMP_MIN)) ; 

else  if  (lEMPERAIURE  >  TEMPJriAX)  then 
TEMP_DELAY JJ :»  DELAY*(0.50673 
+  ((l,e967E-3)*TEMP_MAX) 

-  ((U889E-7)*TEMP_MAX*TEMP3iAX)) ; 


else 

TEMP_DELAY_P  >  DELAY*(0  30673 
+  ((1.6967Eo3)nEMFERATURE) 

-  ((U889E-7)*TEMPERAIURE*TEMPERArUB£)) ; 


end  if; 
end  if; 

if  (TEMP_DELAY J  <  0.0)  then 
return  0.0; 
end  if; 


assert  CrEMP.DELAY_F  >-  0.0) 

rqmt  “Calculated  temperature  delay  is  less  than  zero;  zero  is  used.” 
severity  WARNING; 

assert  (TEMPERATURE  ><■  0.0) 
tq)ort  “Tempetature  qtecified  less  than  0;  0  is  used.” 
severity  WARNING; 
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assert  (lEMFERATURE  378.15) 
report  **reinpeeBtufe  qtecified  greater  than  398.15;  398.15  is  used.” 
seveti^  WARNING; 

return  TEMP J>ELAY_;F; 

end  IEMPERArURE.DELAY J«; 


-  function  RISE  J}ELAY 

-  ITiisfimctioncomlMnes  the  voltage  deliy,  temperature  delay, 

-  finout,  and  lisc/Gall  time  ratio  to  calculate  the  propagation  tiine 

-  toaoneouQrut 


function  RISE J>ELAY(VDI>aeal; 

LOADJ>ELaeal; 

TBMFERATUREveal)  return  time  is 

variable  TEMP.DELAYJRneal; 
vaiiaUe  TBMF2 JSLAKreal; 
variable  lOTAL.DELAYireal; 

begin 

TEMP J)EL  AY_R  :■  VOLTAGRJ)ELAY_R(VDD)  *  LOAD JSEL ; 

1EMP2J>ELAY  >TEMFGRArURE_PELAY_RCIEMP^ELAYJl,TBMFERA3URE); 
TOTAL.DELAY  J>ELAY; 

return  integoCTOTAL J>ELAY)  *  1  ns; 

endRISE.DELAY; 


-  function  FALL  JDEL  AY 

-  This  function  combines  the  voltage  delay,  temperature  delay, 

-  fiuiout,  and  rise/Eall  time  ratio  to  calculate  the  propagation  time 

-  toazeroou^nit 


fimction  FALL^DELAY(VDDnal; 
LOADJ^ELtreal; 

TEMPERATUREneal)  return  time  is 


variable  TEMPJ3ELAY_Faeal; 
variable  'IEMP2_PELAYaeal; 
variable  TOTAL  J>ELAY:real; 
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bc^ 

TEMP J5EL AY >  VOLTAGE J)ELAYJS(VDD)  •  LOAD JKL ; 

TEMP2J>ELAY  :elEMFERArURE_PELAY_PClBMPJ}ELAYJF.TEMFERAri]SB); 
TOTAL_DELAY  TEMP2J>ELAY; 

leoim  ml^er(TOTALJ>ELAY)  *  1  ns; 

end  FALL  J>ELAY; 


-  pioceduieGETjCELL_pATA 

~  Ibis  procedure  gets  all  the  iiecessaiy  parameters,  firom  all  files, 

-  diat  an  used  to  calculate  the  propagation  delt^ 


ptDcedun  GBT.CELL J)ArA(ceUjable:  in  celLvalues:  DELAY:  in  time; 
LOAD,VDD.TEMFERATUR£:  in  real; 

FANOITD  in  int^er; 

signal  ceU_veision:  out  String(l  to  16); 

signal  iise_dJGsdl_d:  out  real; 

signal  RISEDELAYJALLDELAY:  out  lime)  is 

variable  ii8ed,£dld.Teal; 
variable  cell:cell_panuneters; 

begin 

wait  for  1  ns; 

c^ GETJLOAD_DArA(cdl.t8bleJ}ELAY}; 

lised  :>  GETJ^AD J)ELAY(cell,Slope_|ise,^  JntetcqtLriseJjOADJ'ANOUT); 

falld :«  GET_LOAD_DELAY(celLSlopejBll4:elLIntBicq)t_WX)ADJ’ANOUT); 

cell_versi(Hi  «■  cell  J}escription; 

tise_d<asrised; 

falLd<-&lld; 

KISEDELAY  <«  RISEJDELAY(VDD, 
rised, 

TEMPERATURE); 

FALLDEL  AY  <-  FALL J)ELAY(VDD. 
fidld, 

TEMPERATURE); 

wait; 

end  GET_CELL_DATA; 


endGEM.DELAYS; 


use  wofk.QEH.C(»4STANTS4dl; 
use  w0fk.OEHJ)BLAYS^; 
usewaric.abl68Jdl; 

-  use  STD^imnlatorjStandanLan; 


-  device  AND2 

-  filean(I2.vhd 

-  2bpiit  ANDOate 


entity  AND2  is 

generic  (DELAY:tiine; 

-  LOADneal; 
FANOUnint^en 
VDDaed; 

lEMPERATUKEaeal; 

ANDZJTABLEtcdLvaliies); 

pcrtCINFUTl  :in  bit; 

INPUT2  :in  Wt; 

OUITUT  tout  bit); 

endANI>2; 


architecture  BEHAVIORAL  of  AND2  is 


-  Functions  Rise.delay  and  FalLdelaycalciilaiB  die  delay  for 

-  the  voltage,  fanout  and  semperanae  of  a  given  gate  instant 


signal  celLversion:  Stiing(l  to  16):ai** 

signal  rise  deL  falLdelneai:*  0.0; 

signal  AND2JUSE_DELAYANI>2JV^lXJ3ElAY»inie:«  0  ft; 

begin 

OET_CELLJ>ArA(AND2_TABLEJ>ELAY. 

LOAD.VDD.TEMPERATURE, 

FANOUT, 
celLversion, 
rise  dd/alLdeU 

AND2_RISEJ)ELAY,ANI>2JFALL_PELAY); 


OUTPUT  <■  T  after  AND2JUSE_pELAY  when  (INPOTl « *1’  and  INPUT2  -  T) 
else  ‘0’  after  AND2JALL_DEL AY; 


end  BEHAVIORAL; 
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USB  woriLGEH.CONSTANTS  jn; 
use  woik.GEKU>ELAYS4dl; 
a8eivalc.tabk8jdl; 

~  use  SI1> jSimulaiorjStandaidsll; 


-  device  AND3 

-  fileand3.vhd 

-  SInputANDGate 


entity  AND3  is 

generic  (DELAY:time; 

LOADoeal; 

FANOirninteger, 

VDDaeal; 

TEMFERATURRieal; 

AND3.TABLE:ceILvaiues): 

p(xt(D4Il]Tl  :in  bit; 

INFIJT2  :m  Ut; 

INPUTS  :in  bit; 

OUTPUT  :outUt); 

aidAND3; 


atchitectme  BEHAVIORAL  of  AND3  is 


signal  oelLvenion:  String(l  to  16):a>" 
rignal  rise_del,&dLdel3Bai:B  0.0; 

signal  AND3 JUSE_DELAY,AND3_FALLJ>ELAY:time:-  0  ft; 


GET_CELLJ)ArA(AND3jrABLEJ«LAY. 

LOAD.VDD.IEMFERATURE, 

FANOUT, 

celLvenion, 

risejdeliftlLdel, 

AND3JUSE_DELAYUU®3J»ALLJJELAY); 

OUTPUT  ^  ‘r  after  AND3JUSEJ>ELAY  when 
(INPUTl  B ‘1*  and  INP1JT2  *  T  and  INPUTS  ■ ‘1’) 
else  *0’  after  AND3 JALLJDELAY; 


end  BEHAVIORAL; 
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use  wofk.OEM-CONSTANTS4ll: 
use  woric.(ffiNU>ELAyS  jOI; 
use  woricJiUesudl; 

~  use  STD^iiiuilslorJSttndanLdl: 


-  device  BUFF 

-  file  buff.^ 

-  BUFF 


entity  BUFF  is 

generic  (DELAY:  time; 

-  LOAD:  seal; 

FANOUD  integer 
VDD:  real; 

TEMPERATURE:  real; 
BUFP.TABLE:  cdLvSliies); 

pa(t(INFUD  in  bit; 

OUIFUD  out  bit); 

end  BUFF; 


atchitectme  BEHAVIORAL  of  BUFF  is 

signal  celLversion:  Slring(l  to  16}:ai” 

signal  rise_dd.£riLdel:  s^>0.0; 

signal  BUFFJUSE_DELAY3UFFJ’ALLJDELAYniine:«  0&; 

begin 

eET_CBLL_DArA(BUFF.TABLE3BLAY, 

L0AD,VDD,TEMFERArURE3AN0UT. 

cdLveision, 

rise_del3dl.del, 

BUFFJUSE_DELAY3UPF_FALL_DELAY); 


process 

begin 


if  (INPUT  B ‘0’)then 

OUTPUT  <■  INPUT  after  BUFF  J’ALL_DEL  AY; 
else 

OUTPUT  <■  INPUT  after  BUFF_RISEJ)El  AY; 
end  if; 


wait  (m  INPUT, 

end  process; 
end  BEHAVIORAL; 
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use  work.OEM_CX3NSTANTS  Jdl; 
use  woi^(]ffiMJ>ELA.YS  Jdl; 
useworic.tables.all; 

-  use  STDJ5iinulatorjSiandat(Lall; 


-  device  CM0S_IN 

-  file  cmQsJii.vtid 

-  CMOS  JN 


enti^CMDSJNis 

generic  (DELAY:  time; 

-  LOAD:  leal; 

FANOUT,  int^a; 

VDD:  real; 

TEMPERATURE:  real; 
CMOSJN_TABLE:  celLvslues); 

poit(INFUT  in  bit; 

OUTPUT  out  bit): 

endCbfflSJN; 


architecture  BEHAVIORAL  of  GMOSJDM  is 

signal  cdLveraion:  Stiing(l  to  Iti):*” 
signal  risejdel,£illjdel:  lealcB  0,0; 

signal  CMOS  JNJUSE J>ELAY.CM)S_IN_FALL J^ATtime:-  0  ft; 
begin 

GET_CELLJ3ArA^OSJN_TABLEJ>ELAY. 

LOAD.VDD.1EMPERArURE,FANOUT. 

celLversion, 

rise_del.ftULdel. 

CMOS_INJUSEJ)ELAY,CMOS_IN_PALL_DELAY); 


process 

b^in 


if  (INPUT  «‘0’)then 

OUTPUT  <«  INPUT  after  CMOS  JN_FALL_DELAY; 
else 

OUTPUT  <»  INPUT  after  CMOS  JN JRISBJJELAY; 
end  if, 

wait  on  INPUT, 

end  process; 
end  BEHAVIORAL; 
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use  woik.QEM.CQNSTANTS  Jdl; 
nae  w(»k.QBMJ>ELAYS  jH; 
ii8eworic.ttWen.all; 

--  use  Sll>.Simu]aiorjStandaidaU; 


~  device  CMOS_5VOOT 

-  file  cmos_^voutvM 

-  CMOS^OUT 


entity  CMOS_5VOUT  is 

generic  (ISLAY:  time; 

LOAD:  nal; 

FANOUD  integer; 

VDD;  real; 

TEMPERAIURB:  red; 
CMOS_5VOinLTABLE;  celLvalues); 

poctONFUD  in  bit; 

EN:in  bit; 

OUTPUnow  bit); 

endCM0S_5V0UT, 


architecture  BEHAVIORAL  of  CMOS_^VOUT  is 

signal  ceU_vefsion:  Stting(l  to  16)>s” 
signal  rise  ii^:a0.0; 

signal  a^_5VOin’jaSEJ»LAY,ariOS_5  VOin'JVUi_DELAY;ti^  0  fs; 
b^in 

GET  rRf  J.  r  A(CMOS^VOUT_TABLEJSLAY. 
LOAD.VDD.TBMFERATUREJANOin; 
celLveision, 
iise_del,£riLdeL 

C3riOS_^VOUTJUSE_DELAY,CMOS_5VOUT_PALLJ)ELAY); 


process 

b^ 

if(EN>‘l’)tlien 
if(INPUT*‘n'  .  :  n 

OUn*l :  U’afr^3  U»iuS_5VOUr_FALL_pELAY; 

else 

OUIPUT  <-  T  after  CMOS  JVOUrjUSE_DELAY; 
end  if; 
else 

OlJITUr<*‘0’a^C»  V-  JVOUTJALLJDELAY; 
end  if; 

waitonlNFUD 

end  process; 
end  BEHAVIORAL; 
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we  woifc.GBM-C(:»«5TANTS4iU; 
use  w(xfc.GBMJ»LAYS  jJl; 
useworir.ttbkt.sll; 

-  use  STD  j5imulator_$ttiidatiLall; 


-  device  CMOSJVU) 

-  file  cina6j»d.vlKi 

-  CMOSJ»AD 


entity  CMOS  J>AD  is 

generic  (DELAY:  fime; 

-  LOAD:  real; 

FANOUD  integer, 

VDD:  real; 

lEMFERiOURE:  real; 
CN«)SJPAD_TABLE:  cdLvalues); 

pa(t(INFUTi  in  bit; 

OUlPDDoot  Ut); 

end  CMOS  J>AD; 


architecture  BEHAVIORAL  of  CMOSJ*AD  is 


signal  cdLvecsion:  Stcing(l  to  *; 

signal  rise_dei,£BlLdel:  real>0.0; 

signal  CMOS JVkD JtISE_DELAY,CMOS JVU>JALLJ>ELAY:time:«  0  6; 
b^ 

OET_CELL_DArA(CMOSJPAD_TABLEJ>ELAY. 

LOAD.VDD,lEMFERAJLTtHFANOUT. 

celLversion, 

risejdelittlLdeL 

CMOS_PADJUSELDBLAY,CMOSJ*AD_FALL_DELAY); 


process 

begin 


if  (INPUT -tlOthen 

OUTPUT  <■  INPUT  after  CMOS_PAD_PALL_DEL  AY, 
else 

OUTPUT  <«  INPUT  after  CMOS  J>AD_RISB J5BLAY; 
end  if; 

wait  on  INPUT, 

end  process; 
end  BEHAVIORAL; 
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we  waifc.GBKjOONSTANTS  jU; 
we  wcric.<ffiHJXLAYSa]l; 

«ll; 

--  we  STD.Siiniilwr_$iMdenUU: 


-  deviceEXQR 

-  fileexar,\iid 

-  ExclwivB(Xlttte 


entity  EXCM  is 

(eneric  (USLAKtiinB: 

LOADawl; 

FANOUTinl^ 

VDDaesl; 

lEMPERATUREaeal; 

EXCXtJTABLExdLvslwi); 


port(INPUTl:  in  liit; 
lNFirr2:  in  liit; 
ounvn  out  bit): 

endEXOR: 

stchitectuie  BEHAVIORAL  of  EXOR  is 

signal  oelLvenkn:  Siringd  to  Ifi):*” 
signal  lisejdd,  CdLddriwI:*  0.0; 

sigml  EXORJUSE_DELAY£XORJ>ALLJ)ELAY:time:-  0  ft; 


OET_CELL.DArA(]BXOR_TABLEJMAY. 

LOAD.VDD.lEMFERAnJBE. 

FANOUT, 

cell_veision. 

ii«L(kl,fidLdBL 

EXORJUSEJ>ELAY,EX(»UPALLJ>ELAY): 


OUITUT*^  T  after  EXORJRISEJ»LAY  when 

((INPUTl  -  ‘1’  andINPUn-  •0’)or  ONPUTl  •  ‘O’  andlNPUT2«  T)) 
else  *0’  after  EXOILFALL J>ELAY; 


end  BEHAVIORAL; 
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me  woric.QBMJCX)NSTANTS  jdl; 

mewMk.QBKJ»BLAYSM; 

meM)A.tablB84ll; 

-  me  SlD.Siniiilaiai:^tandKnLall; 


-  deviceEXNQR 
^  lUeexnar.vlid 

-  Exclusive  OR  gete 


enti^EXNQRis 

generic  (DELAYrdme; 

LOADmd; 

FANOirRinli^ef; 

VDDaeel; 

TEMFERATUREaeal; 

EXN(»JABlB:celLviiueg); 


pot  (INPUTl:  in  bit; 

INPUT2:  in  bit: 

OUTFUR  out  bit); 

endBXNOR; 

architecture  BEKAVIOKAL  of  EXNQRis 

signal  celLversion:  Stiing(l  to  iQ:*’* 
signal  rise_del,  CdLdelaeal.'a  0.0; 

signal  BXNQIUUSE J)ELAYfXNOIUALIjnaLAY:th^  0  ft; 


GET.CELL  DATACBXbKDRJTABLBJ^ELAY, 
LOAD.VDD.TEMFGRArURE. 

FANOUT, 

celLvosion, 

rise_deI,ftU_del, 

EXN0IUUSEJ>ELAY,EXNDRJ’ALI^DELAY); 


OUITUT  <•  ‘0’  after  EXNORJPALI^DELAY  when 

((INPUTl  -  *r  andlNFUT2>  *0’)or(INFUTl  >  *0’  Mid  INPUT?  -  ‘1’)) 
else  'V  after  EXNORjaSEJ>ELAY; 


end  BEHAVIORAL: 
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106  waLaBM.CX]NSTANTS  jll; 
uw  WQric.(nHJ)BLAYS  Jril; 
u•6walcJ6blBMll; 

~  ose  STD.SimttIiioijSlMMlHd^ 


-  <l6Vioe  INVERIBR 

-  file  inverter.^ 

-  INVERIER 


entiigrlNVis 

generic  (IXLAY:  time; 

-  LOAD:  reel: 

FANOim  inmgen 
VDD:  reel: 

lEMFERAIURE:  reel; 
INVJTABLB:  celLvalues): 

poctONPlfR  in 

OUmmout  Ut.*-T): 

endINV; 


achitecture  BEHAVmtAL  of  INV  is 


signei  celLverskm:  Siring(l  to  Ifi):*” 

signal  iise_<iel,ftlljdel:  i^:«0.0; 

signal  INVJUSE.DELAYJNV_FALU.DELAY:  tiine.'-l&; 

b^in 

OET.CELLJ)ArA(INV_TABLBDBLAY. 

IjOAD.VDD,1SMFERAIUREFANOUT. 

oeULversioa. 

rise 

INVJUSE_DBLAyjNVJ'AIJJ»LAY); 


pcooess 

b^in 


if  (INPUT- *0’)then 

OUTPUT  <»  not  INPUT  after  INV^SEJlELAY; 
else 

OUTPUT  <- not  n«»UT  after  INV_FALL_DBLAY; 
endift 


wait  on  input; 

end  process; 
end  BEHAVIORAL; 
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uo  woriLOBM-CONSTANrS  Jdl; 
im  it^QBMJDBLAYS  jIU 
uiewariciriiletJll; 

-  xm  STDSimallmxJtutiSmijU; 


-  dBvloe  HDJBUFP 

-  flk  hiLbuftviid 

-  HD3UFF 


entity  HD_3UFPii 

generic  (ISLA.Y:  dme: 

LOAD:  ml; 

FANOUn  integer, 

VDD:  real; 

lEMFEttATUBE:  real; 
HD3UFF_TABLB:  celLvahtet): 

poctGNKTR  in  bit; 

OUlFUT.out  bit); 

endHD_BUFF: 


architectiire  BEHAVIORAL  of  HD_BLTF  is 


signaloelLvenian:String(ltolQ):«” 
signal  riwjdeI,fidLdBl:  ieal>0.0; 

signal  HD3UFFJUS6_DELAYJ1D_B11FF JALLJ>ELAy.iiiiiK-  0  ft; 
begin 

(ffiT_CELL_DArA(HD_BUFF_TAIlLEJSLAY. 

LOAD.VDD.1SMIERAIlJBEJ>ANOUT. 

celLvereion, 

rise 

HDlBUFPjaSB_DELAY3DJUFF_FALL_DELAY); 

process 

begin 


ifClNFUT>‘0’)then 

OUTPUT  <»  INPUT  after  HD JUFFJALLJdELAY; 
else 

OUTPUT  <«  INPUT  after  HD_BUFP jaSE.DELAY; 
endiP. 

wait  on  input; 

end  process; 
endBEHAVKXtAL; 


er 


un  weriLOBKCOONSIANTS  jH; 
uw  woik.OBKJ)BLAYS  JIU 
oM  wcricJMot^ 

-  otB  SlD-SiinulaMCSandKlail; 


dsviceKAND2 
lileiiaad2.vlid 
2  Input  NAND  Gate 


entiiyNAND2it 

leocric  (DBIAK  time: 

LOAD:  fed: 

BANOUn  teteter; 
INnDELAYi  tfme; 

VDO:  real; 

IBMFERAITJRB:  real; 
HAND2_TABU3:  oelLvahM); 

port  (ZNran  rin  bit; 

INTOTl  :in  bit; 

OUIPOT  :oHtbit:«‘0*); 

endNAND2: 


-  INITOELAYtealbiitedelqraatteaddedtetlieiuncC 

-  iateiiiientldsgatei8iiaedtobuiklal«cli.Uis 

-  neoenaiytoolteeitiiedelayofoiieiatebyltetedte 

-  InichaottHttirednAalatioacaniiikiattnitNifatiiaM 

~  MO. 


aRhitocture  BEHAVIORAL  of  NAND2  it 

signal  oelLveision:  String(l  to  IQV  **; 
sigk'uAl  lisejdd  0.0; 

signd  NAib2JUSEJ3eAYJ4AND2JV^LLJIBl^Ytb^  0  b; 
b^ 

GET.CBLL.DArA(NAND2_TABLBJ)SLAY. 

LOAD.VDD.lEMFERAnJRE. 

FANOUT, 

celLveisioa, 

Tfete  iM  frn  dd, 

NAFb2_RISEJffiLAYJ«AND2J^AllulSLAYX 

OinrUTo  t)*  alter NANI>2JVUJaiBLAY-^INnDELAYwta 
ONPUn  ■ ‘1’ and  INPUI2  «  T) 
else  T  after  NAND2jaSEJ)ElAY-fINnDELAY; 
end  BEHAVIORAL; 
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use  WQifc.OEM_CONSTANrS^ 
use  woik.(SBM-PELAYS  jdl; 
useworiLtaibleiuJI; 

-  use  STD^iinu]ator_StandaiiUU; 


-  device  NAND3 

-  filenandS.vhd 

-  2biputNANDOate 


entity  NAND3  is 

generic  (DELAY:  time; 

LOAD:  seal; 

FANOUT,  integer. 
INinSLAY;  time; 

VDD:  real; 
lEMFERATURE;  real; 
NAND3_TABLE:  celLvalues); 

pcit  (INFUTl  :  in  bit; 

INFUT2  ;in  bit; 

INPUTS  :in  bit; 

OUTPUT:  out  We- ‘O’); 


endNANDS; 


-  INTTDELAY  is  a  finite  delay  that  is  added  to  die  nandS 
~  gale  when  this  gate  is  used  to  build  a  lareh.  It  is 

-  nectssaiy  to  offset  the  delay  (rf  one  gate  by  16  in  the 

-  latch  so  that  the  simulation  can  initialize  itself  at  time 

-  zero. 


aichitectuie  BEHAVIORAL  of  NAND3  is 

signal  celLvession:  Stiing(l  to  Ifi):*" 
signal  rise_del/all_del3eal;ai  0.0; 

signal  NAND3_RISE_DELAY;NAND3_FALL J>ELAYnime>  0  6; 
begin 

GET_CELL_DArA(NAND3_TABUB4)ELAY, 

LOAD.VDD.TEMFERATURE. 

FANOUT. 
cell_version, 
rise  del.£BlI_delt 

NAND3JUSEJDELAYNAND3_FALL_DELAY); 

OUTPUT  ‘0’  after  NAND3_FALLJ>ELAY  +  INTIDELAY  when 
(INPUTl  - ‘r  aid  INPUT2 ■ ‘I*  Md INPUTS  ■ ‘D 
else  ‘r  after  NAND3JUSEJ>ELAY  -t-  INTIDELAY ; 
end  BEHAVIORAL; 
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use  wu(lc.C3EM_CON3TANTS  Jdl; 
use  wak.OEMJ»LAYS  Jdl; 
use  woriLtables^ 

-  use  STD^timulalDrJSiandardJdl: 


-  deviceNAND4 

-  fi]enand4.iiid 

-  ZlnputNANDOele 


entity  NAND4  is 

generic  PELAY:  time; 

LOAD:  leal; 

FANOUD  integer. 
INTIDELAY:  time; 

VDD:  real; 
lEMFERAniRE:  leal; 
NAND4_TABLE:  cea_valiies); 

post  (INFUTl  :in  bit; 

INFUR  :in  bit; 

INPUT3  : in  bit; 

1NPUT4  :in  bit; 

OUTPUT  tout  bit); 

endNANIM; 


-  INTIDELAY  is  a  finite  delay  that  is  added  to  the  nand4 

-  gate  udien  rids  gate  is  used  to  build  a  latch.  It  is 

-  necessatytoofiEsetthedelayofonegateby  Ifitinthe 

-  latch  so  that  the  simulation  can  initialize  itself  at  time 

-  zero. 


aichitectute  BEHAVIORAL  of  NAND4  is 

signal  ceIl_version:  String(l  to  16):s” 
signal  rise  Hfi,tiBti  delxeal?*  0.0; 

signal  NArbd JUSE J>ELAY.NAND4 J>ALL_PELAY:tiiiie:-  0  fs; 
begin 

GET_CELL_DArA(TiAND4_TABLEJ)ELAY, 

LOAD.VDD.1EMPERArURE. 

FANOUT, 

cell.veision, 

rise_del.£all_del, 

NAND4JUSE.DELAYJ4AND4_FALLJ>ELAY); 

OUTPUT  o  ‘0’  after  NAND4_FALL J>ELAY  -f  INTIDELAY  when 

(INIOTl  -  U’ and  1NPUT2  « ‘1*  and  1NPUT3  ■ ‘1*  andlNPUTd  - ‘r 
else  ‘r  after  NAND4JUSE_DELAY  +  INTIDELAY ; 
end  BEHAVIORAL; 


50 


use  woifc.OEMJCX)NSTANTS^; 
use  woik.OEMJ>ELAYS  jO; 
iisewoifc.tables^ 

-  use  STDJSimuIatorjStandardidl; 


•>  devjceNOR2 
•>  fileiKxZ.^ 

>•  2IiqiiitN0R20ate 


entity  NOR2  is 

generic  (DELAY:  time; 

-  LOAD:  real; 

FANOUTS  intego; 
INIIDELAY:  time; 

VDD:  real; 
lEMFERAIXJRE:  real; 
NOR2_TABLE:  celLvalues); 

port  (INPUTl  :  in  bit ; 

INFUT2  :in  bit; 

OUIPUT;  out  bit:- ‘0*); 

endNOR2; 


-  INITDELAY  is  a  finite  del^  that  is  added  to  the  noi2 

-  gate  when  this  gate  is  used  10  build  a  latch.  It  is 

-  necessatytoofitothedeb^ofonegateby  Ifiiinthe 

-  latch  so  that  the  simulatian  can  initialize  itself  at  fiine 

~  JWD. 


architecOire  BEHAVIORAL  of  NOR2  is 

signal  celLversion:  String(l  to  16):-”  **; 

signal  rise.del/all.delaeal^  OD, 

signal  NOR2_RISE_DELAYNOR2J>ALL J3EL  AY:  time:-  0  fs; 
begin 

GET.  .CELL_DArA(NC»2_TABLEDELAY. 

LOAD, VDD, lEMPERATURE, 

FANOUT, 

cell_vefsion, 

risejdel/alLdeL 

N0R2JUSEJ)ELAYN0R2_PALLJ>ELAY); 

0U17UT  <-  ‘1’  after  NOR2 JRISEJ>ELAY  +  INODELAY  when 
(INPUTl  -  ‘0’  and  1NPUT2  -  *0’) 
else  ‘O'  after  NOR2JPALLJ>EL AY  ■«-  INITDELAY; 
end  BEHAVIORAL; 
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use  wofk.GEHJCONSTANTS^; 
use  wock.OEMJ>ELAYSjdl: 
U8Cwoik.taMesjll; 

-  use  STD^imidsKwjSttndaidaU; 


-  deviceNOR3 

-  filenocS-vtad 

-•  3  Input  NOR  Gate 


entity  NOR3  is 

generic  (DELAY:  lime; 

LOAD:  real: 

EANOim  iniBger; 
INTIDELAY:  tune; 

VDD:  leal; 

lEMFERATURE*  real; 
NORSJTABLE:  celLvalues); 

poet  (INPUTl  :  in  Ut ; 

INFim  :in  Ut; 

INFUT3  :in  Ut; 

OUIPUT:  outUt); 

endNORS; 


-  INITDELAY  is  a  finite  debty  that  is  added  to  the  nai3 
>•  gate  when  tUs  gate  is  used  to  build  a  latch.  It  is 

»  necessaiytoofiEsetthedelayofonegaieby  Ifiiindie 

-  latch  so  that  the  simulation  can  initialize  itself  at  rime 

-  zero. 


atcUtecture  BEHAVIORAL  of  NOR3  is 

signal  oeULvenion:  String(l  to  Id):*”  **; 

signal  rise_deI.£BlLdelaeta:>  0.0; 

signal  NOR3 jaSEJ>ELAYNOR3_FALLJDELAY:ttme.^  0  fit; 
begin 

GET.CELLJ>ArA(NOR3.TABLEJ)ELAY. 

LOAD.VDD.TEMPERATURE, 

FANOUT, 

cell_vefsion, 

rise_del,£BlljdeL 

NOR3_RISEJ)ELAYJ^OR3JFALLJJELAY); 

OUTPUT  o  T  after  NOR3_RISE_DELAY  -i-  INITDELAY  when 
(INPUTl  - 1)*  and  INPUra  « ‘0’ atU  INPUTS  « ‘O’) 
else  ‘0*  after  NOR3_FALLJ>EL AY  +  INTTDELAY; 
end  BEHAVIORAL; 


use  wcik.GBMjCX)NSTANTS  Jdl; 
use  woric.QEItlJ)BLAYS  jD; 
useworkJables.all; 

~  use  STDJSimulatorJStandanLail; 


-  <)eviceNQR4 
~  fikiioi4.vlid 
~  4InpatNQROate 


enti9NOR4is 

generic  (DELAY:  time; 

LOAD:  real; 

FANOUl^  integer, 
INIIDELAY:  tone; 

VDD:  real; 
lEMFERATURE:  real; 
NOR4_TABLE:  celLvahies); 

poet  (INFUn  :  in  bit ; 

1NPUT2  :in  bit; 

INPUTS  :  in  bit ; 

INFUT4  :inbit; 

OUTFUT:  cxRbit); 

endNOR4; 


-•  INITDELAY  is  a  finite  delay  that  is  added  to  the  naf4 
~  gate  whm  this  gate  is  used  to  build  a  latch.  It  is 
-•  necessary  to  ofiCKt  the  delay  of  one  gate  by  Ife  in  the 

-  latch  so  that  the  shnulation  can  initialize  itself  at  time 

-  zero. 


arehitecture  BEHAVIORAL  of  NOR4  is 

signal  celLversion:  String(l  to  Id):*** 
signal  rise_del4iBlL.del3eal:iB  0.0; 

signal  N0R4_RISEJ)ELAYJ40R4_FALL J>ELAY:time.--  0  ft; 
b^ 

GET.CELLJ)ArA(NQR4_TABLEJ>BLAY. 

LOAD.VDD.IEMPERATURE, 

FANOUT, 
cdl^version, 
rise  dri,fiall_itel, 

NOR4_RISEJ>ELAYNOR4_FALL_DELAY); 

OUTFUT  ‘1*  after  NOR4JUSE.J^AY  INITDELAY  when 

(INPUTl « ‘0’  andINPUT2-  ‘0’  and  INPUT? « *0’  andINPUT4»  O’) 
else  ’0’  after  NOR4_FALLJffiL  AY  i-  INITDELAY; 
end  BEHAVIORAL; 
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use  wofk.OEK.CX}NSTANTS4dI; 
UK  wo(k.GEMJ)ELAYS  jU; 
ii8ewoifc.ttb1esjill; 

-  use  STD-SimuIatorJSamdBnLsU: 

-  device  OUT^UFF 
~  file  cNilJbuff.vhd 

~  OUT_BUPF 


end^  OUTJBm^  is 

genaic  (DELAY:  time; 

-  LOAD:  leal; 

FANOUn  int^ei; 

VDD:  Teal; 

TEMPERATURE:  teal; 
OUT_BUFF_TABLE:  celLvUues); 

p(xt(INFUD  in  Ut; 

OUTPUT  out  bit); 

eiidOUT_BUPF; 


mchilectiiK  BEHAVIORAL  of  OUT_BUFF  is 


signal  ceIl„veision:  Soing(l  to  16):«” 
signal  nsejdel,£Bll_del:  real?B0.0; 

sigml  OUT3UFFJUSE J»ELAY,0U7_BUFF J’ALL J>ELAY:time:c  0  fit; 
begin 

GET_CELLJ>ArA(OUT_BUFF_TABIJEJ»LAY, 

LOAD, VDD, TEMPGRATUREJANOUT, 

oell_vec8ion, 

rise_del,£tI]LfieL 

OUT_BUFFjaSEJ)ELAY,OUT_BUFFJ’ALLJDELAY); 

process 

b^ 

if  (INPUT -‘0’)then 

OUTPUT  <-  INPUT  after  OUTJBUFFJALL JIELAY; 
else 

OUTPUT  <-  INPUT  after  OUT JUPFJUSEJJELAY; 
end  if, 

wait  on  INPUT 

end  process; 
end  BEHAVIORAL; 
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iisewciik.tabk8jJl; 
use  wofk.genijcon8taiiisidl; 
use  wotk.gein_delay8^ 


-  device  DFF.FEDOJffiAR 

-  file  dfiLpedg_ibar.vhd 

-  DFl^Flop  with  reset 


entity  dfif_ped&jiwr  is 

generic  (QJPANOUI^  hither; 
QNj:ANOirr  integer. 
VDD:retd; 

TEMPERATURE:  real); 

poet  (D:  in  bit; 

CUCinbit; 

RESET;  in  bit; 

Q:  out  bit; 

QBAR:  outbit); 

end  dff_pedgjrt)ar; 


-  Smictural  architecture  for  the  D-Flip-Flop  with  Reset 

-  Ibis  D-Fl^ -Flop  is  a  positive  edge  triggered  flip-flop. 

-  The  Qoornt  shall  go  to  a  logic**!”  upon  flieiisiiig  edge 

-  (tf  dieQjCinputiftheDiiqHitisa]ogic**l”andthe 

-  RESET  input  is  a  logic**!”. 

"  The  Q  ou^t  shall  go  to  a  logic  **0”  upon  the  rising  edge 

-  the  CLK  input  if  the  D  input  is  a  logic  **0”. 

-  IheQN  output  shall  alwi^  be  the  complement  of  the  QouQmt 

-  A  logic  **0”  on  the  RESET  input  shall  force  the  Qou^ait  to  a 

-  logic  **0”  and  the  QN  ouQtut  to  a  logic  **!”  regardless  of  the 
~  state  of  the  QiC  input 


architecture  struct  of  dff_pedg_rbar  is 
component  buff 

generic  0DELAY:time;FANOirEinteger,VDD:real; 
TEMPERATUREneal; 

Bl]FFjrABLE:ceILvalues:swork.tables.buff_table); 
port  (INPUT  in  bit; 

OUlPUT  outbit); 
endctxnponeni; 
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ooiiq>onentiuuid2 

generic  (DEIAY:tiiiietFANOUl^integerJNnDEIA]rn&ii^  0  6; 
VDDneril;lEMFERAIl]RE3eaI; 
NANm_TABl£‘celLvil'»s:-woifc.tri>k8jnnd2.t^ 
poft  CINFUri:  in  bit; 
lNPUT2:in  bit; 

OUmJToutMt); 
end  component; 

coiiq>onentnend3 

generic  (IKLAY:time^PANOUliiiiti^enINlTraLAY:timtt^  0  ft; 
VDDseablEMFBtArUREaeal; 
NAND3jrABLE:oeILvaliies:aiwoik.taide&nand3jua)te); 
potONFUriiin  bit; 

INFUr2:in  bit; 

INPUT3:m  bit; 

OUlTUnoutbit); 
end  component; 

signal  T3.T2.T1.  TO:  bit; 
signal  T4,TS:  bit; 

for  alkbuff  use  entity  woik.bufE(behavionl); 
for  aU:nand2  use  entity  woriuiaiid2(behaviora0: 
for  aIL‘nand3  use  entity  wcMkjiand3(behaviotaI); 

begin 


A0:nand2 

generic  map  (DELAYiO  1  ns,  FANOUra>l,  VD]>b>VDD, 
lEMFERA'IlJRE<>TEMFERAnjRS) 
port  mi^  (T3,  Tl.  TO); 

Al:nand3 

generic  map  (DELAYio  1  ns.  FANOUr«>3,  INnDELAYB>  1  is, 
VDD->VDD.  'IEMFERArURE->'IEMFERAIURE) 
port  mq)  (TO,  RESET,  CLK,  Tl); 

A2:nand3 

generic  map  (DELAYi^  1  ns,  FANOUT«>2.  VDI>o>VDD, 
TEMFERArURE»1EMFERAn)RE) 
port  mq)  (Tl,  CLK,  T3,  T2); 

A3:nand3 

generic  map  (DELAYa>  1  ns,FANOirr«>2,  lNITDELAYai>  1 6, 
VDI>->VDD.  IEMFERArURE->lEMFERAn]RE) 
port  nug>  Cr2,  D,  RESET,  T3); 

A4:nand2 

generic  m^  PELAY»  1  ns,  FANOUT->2,  VDI>»VDD. 

'mMPERArURE*i>TEMFERArURE) 
port  map  (T1.TS.T4); 

A5:nand3  _ 

generic  map  (DELAY<b>  1  ns,FANOUT«>2,  INIIISLAYio*  1 6, 
VDI>»VDD.  TEMFERATUREioTEMFERAIliRE) 
port  imp  Cr4,  T2,  RESET,  TS); 
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generic  map  (DELAYS  1  ns,  FANOUr-o<^ANOl7r,  VDD>oVDD. 

TBMFBRATURBiC^lEMFERArURB) 
post  map  (T4.Q): 

B2;ln]ff 

generic  (DELAYS  1  ns.  FANOUT->QNJ>ANOUr.  VDDoVDD. 

lBMFERArUREa>TBMimAnjRE) 
port  map  (T5,  QBAR); 

endsifuct; 

use  wofk.tAlesjai; 
use  woric.gemjcon8tanisM; 
use  woric.gem.deU^s^ 


-  device  DFF_PEDG_SRBAR 

-  filedfiLpedgjnbar 

-  DFIi^Fl(9widi  preset  and  dear 


entity  dff_pedg_srt»r  is 

generic  (CLFANOTJl^teger; 

QN_FANOUrJnt^. 

VDDaeal; 

TEMPERATUREtreal); 

port  (P:int)iq 
CLKzinbit; 

BESEl^bh; 

SETdiibit; 

Q:outbit; 

QBARioulUt); 

end  dfiLpedg_sibar. 


-  Stiuctuial  architecture  for  the  D-Flip-Flopwidi  Reset 

-  and  Preset  dpahiliaity.  Hiis  D-Flip-Flop  is  a  positive  edge 

~  triggered  The  Q  ouQnit  shall  go  to  a  logic  ”1” 

--  tqxm  the  rising  ^ge  of  the  CLK  input  if  the  D  input  is  a 

-  “1"  and  the  RESET  input  is  a  logic  ”r.  and  the  PRESET 

-  input  is  a  logic  “I”.  The  Q  output  shall  go  to  a  logic  ”0”  upon 

-  the  rising  edge  of  the  CLK  input  if  the  D  input  is  a  logic  *'0’*. 

-  The  QN  output  shall  always  be  the  complement  of  the  QouQniL 

-  A  logic ‘*0”  on  the  RESET  input  shall  force  the  Q  output  to  a 

-  logic  **0”  and  the  QN  ou^t  to  a  logic  “1"  regardless  of  the 

-  state  of  the  CLK  input 

-  A  logic the  PRESET  input  shall  force  the  Qou^nit  to  a 

-  logic  ”1”  and  the  QN  output  to  a  logic  “0"  regardless  of  the 
~  state  of  the  CLK  input 
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ttchitwtnie  siiuct  of  dfLpedgjBlNr  is 


component  buff 

goieric  (DELAYniineiEANOUTiiiilq^VDDneil: 
lEMFERATUREaeil: 

BlMLTABIJB:(xILvalues:BWoriLtildes.bi]fiLtal)le); 
poet  (INPUT:  in  biq 
OUTPUn  outHt); 
end  component; 

component  nnnd3 

generic  O^ELAYnimeiPANOUl^int^enlNrrDELAYnime:*  0  fis; 
VDDaeal;TBMI'SRArUREaed: 
NAND3jrABI^oeIljrtfiies:«waifc.table8jiand3_.l9tble): 
post  (lNFUn:in  Ut; 

INFUT2:in  biq 
INFUT3:in  biq 
OUIFURoutUt); 
endcomponenq 


signal  13,  T2.  n.  TO:  biq 
signal  T4.TS:  biq 

for  aikbuff  use  entity  wQric.bufl(beiiavioral); 
for  aU:nand3  use  entity  wciikjiand3(behavtocal); 

b^ 


A0:nand3 

generic  map  (DELAYS  lns,FANOUTa»l,VDD«>VDD, 
TEMICRATURE>c»TEMPERi3X]RE) 
port  map  (SET,  T3,  Tl,  TO); 

Al:nand3 

generic  nug>(DELAY>»  lns,FANOUT>^3,lNTnM,AYa>l&, 
VDl>o>VDD,  TEMPERAnJRE->TEMPERAIUR^ 
port  map  (TO,  RESET,  CLK,  Tl); 

A2:nan<]3 

generic  nup  (KLAYao  ln8,FANOUTaC>2,VOI>oVDD, 
lEMPEWUREiOlEMICRArURE) 
port  nup  (Tl,  CLK,  T3,  T2); 

A3:nand3 

generic  nup  (DELAYao  1  ns.  FANOUric»2,  INnTSLAY->  1  h, 
VDl>a> VDD,  TEMPERAIUR£->'IEMPERArURE) 
port  imp  (T2,  D,  RESET,  T3); 

A4:nand3 

generic  map  (DELAYS  1  ns,FANOUTa>2,VDl>>VDD, 
1EMPERArUREB>TEMFERArURE) 
port  imp  (SET,  Tl,  TS,  T4); 


5S 


AS:nand3 

genHicinap(DELAY«>  1  w,IVWPCX]Ta(>2,INmMA]r«>lft, 
VDD^ VDD,  lEMFERAnjRBii^'raiifFSRArURQ) 
poet  map  (T4,  T2,  RESET.  TS); 

Blrbuff 

generic  map  (DBLAY>>  ln8.IV^NOUI^>Q_RANOUT,Vra>«»VDD, 
IBMPERATURE-^lEMPERAnjRE) 

IXKtiiU9(T4.Q); 

B2:biilF 

generic  map  (I]eLAY>c»  1  ns,  FANOUT-e>(^_EANOirr.  VDDiC^VDD. 

lEMPERAltIRE->TEMPERATURE) 

po(tiiHq>Crs,QBAI^; 

endstnict: 

useworic.tables.all; 
use  woriLgem.oonsiants.all; 
use  woric.gem_<le]ay8aIl; 


-  device  AQR 

-  fileacKvIid 

-  AND/OR  function 


entity  aor  is 

generic  (AOJFANOUrintegen 

BO_FANOUTdnteger. 

COLFANOUI^inieget; 

DOJANOiminteger. 

VDDaeal; 

TEMPERATUREiieal); 

port(Al,  A2:inbit; 
Bl,B2dnUt; 

Cl,C2.inl)it; 

Dl,D2:inbit; 

Kl,K2:inbit; 

AO,  BO,  CO,  DOtoulUt); 

endaor; 


-  Stiuctunlarchitectuie  for  the  AND/OR  (AOR)  function. 

-  IHB  outputs  AO,  A1,A2,  A3  shall  be  fiorced  to  a  logic  “r 
~  if  either  of  inputs,  K1  or  K2,  am  a  logic**!".  Or  ifc 

~  A  logic  **1”  on  either  A!  or  A2  forces  AO  to  a  k^**!". 

-  AlQgic*‘roneitherBlorB2fiaccesB0loalogic**r. 

~  Alogic**roneidierClorC2fixce8COioalogic'*l". 

••  Alogic*‘roneidierDlorD2foccesDOtoalogic'*r. 

-  Else  the  outputs  AO,  A1,A2,  A3  are  a  logic  **0". 
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aRhtociun  struct  of  aor  is 


oonq)oiwmnand2 

generic  (DELAY;tiineiPAWOUTiiiili^etJNrnMARtiiiie^  0  ft; 
VDDai^;  TBMFCRAnJRBaeel; 

NAND2jrABI£xeU_valiies:«wariLadbletx4nd^i^ 
poctONPUTl:in  Ut; 

INPin2:in  bit; 

OUTPUnoutUt): 
end  component; 

tignaai6.0.n7.0:bit; 
sigiudI18_0.n9.0:bit; 
sigiMin2?jO.  I23jO:t)it; 

8ignall24jO,  I2SjO:bit; 

fix  siknandl  use  end^  woriuiind2(behaviocal); 


I16:nsnd2 

generic  map  (DELAY«>1  m.  FANOlJr»l.  VDD->VDD. 

lBMPERAriJRB«>>1EMFERAnJRE) 
port  map  (Al,  Kl,  I16jO); 

I17:nand2 

generic  nup  (DELAYai>l  ns,  FANOUTol,  VDI>b>VDD, 
TBMPERArUBEp^lSMFGRATURE) 
port  map  (A2.K2,I17J0); 

I18:nand2 

generic  nup  (DELAY>i>l  ns,  FANOUTa^i.  VDDii>VDD. 

TEMFEEtAriJRE->1EMPERA'njRE) 
pact  map  (Bl,  Kl,  118.0); 

I19:nand2 

generic  nup  (DELAYa>l  ns,  FANOUT^l,  VDI>ii>VDD, 
lEMPBtAnJRE->lEMFERAIUR£) 
port  map  (B2,  K2, 119jO); 

]2S:nand2 

generic  nup  (DELAY«>1  ns,  FAN0UT«>1,  VDI>^VDD, 
rnfFERATURB^lEMPERAniRE) 
port  map  (Cl,  Kl,  I25_0); 

I24:iiand2 

generic  map  (DELAY»1  ns,  FANOUr->l.  VDI»VDD. 

TEMFERATURE^TEMPERAIORE) 
port  map  (a.  K2, 124.0); 


I23:nand2 


<0 


generic  mpCDBLAYii^l  ni.FANOUl^l,  VI»>h>VDD. 

lEMPBRATURB^'IBMFERAIURE) 
pori  nup  (Dl,  Kl,  03.0); 

I22:naiid2 

generic  nup  ^SLAYb>1  nK»EAN0(J1^1,  VM^VDD, 
TEMPfRArUK2>c>lEMFERAIURB) 
port  map  (D2,  K2, 12^0); 


DO:  name 

generic  tatp  (DRLAY^i  m.  IVVNOCnw>AOLFANOUT.  VDD^VDD, 
TEMPSRArUItB>>TBMPERAIURE) 
poet  map  (I16_0, 117jO,  AO); 


Dl:naiii!2 

generic  map  (DELAY>i>l  ns.  FANOITD^BOJRANOUT,  VDD^VDD, 
m]FBRAIURE->lEMPERAIURE) 
poet  map  (I18_0, 119jO.  BO); 


D7;naml2 

generic  map  (DELAY->1  ns.  BANOUIW>COJ>ANOl]T.  VDI>«>VDD. 

TEMFERAnnOBiolSMFERAnJItE^ 
post  map  (DSjO.  D4jO.  CO); 


126:  nand2 

generic  map  (DELAY->1  ns.  FANOUT-c»DOJ>ANOUT.  VDDm>VDD. 

TEMFBRAITJF£->TBMICRAnJRE) 
post  map  (I23_0.  IZ^O.  DO); 


end  struct; 


use  woifc.tablesJdl; 

use  woil:.geat_oonstants4dl; 

use  wo(kgem_ddays.all; 


-  device  SYN4CIR 
»  fiksyn4ctr.vhd 

-  Synchrunous  four  bit  upAlown  counter  with 

-  reset  airi  cany  output 


entity  syn4cir  is 

generic  (A^JANOUDinteger. 
B_FANOUr±)teger; 
CJFANOlTRinteger. 
DJ’ANOUI^int^er; 
COJANOirriiitBget; 
VDDaeal; 

TSMPEEtATURE.’teal); 
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poR  (CUC,  UP.  RST,  CLinMl: 
Aiinoiittit; 
B.C.D.GO:oaMl); 


endqmtein 


-  StntctundHddiectiaeiiDrtlw44ikqrBClranai 

-  oouniwwiih«<yiiclaono«wwt.<oM«<iiiMe«ndc«yoBt 

-  ca|«liili9.Alotic*‘rondieUPiiipi«cMl)lMooi^ 

-  inode  «Ml  a  logic  IT  on  the  XJPiiviKflikMMOoiMt  down. 

>  IlieooimiBrdnllincniiNntordecnmeati^tfieiiiiiig 

-  edge  ot  ihe  cue  input  pnividini  the  RESET  htpatie  a  logic ‘V* 

-  and  the  a  input  it  a  lo^**!**.  The  00  oBipot  Run  go  to  a 
~  Iogk;‘*roponfiillooiint.oa9iil8«*mranda«*‘ror 

-  outputs  ■'tXXXT  Mid  Cl  ■‘VMhe  Cl  hipiit  and  the  CO  oogMt 

-  aUowacaacadingirfinulttfecountBnimolierijuuHm. 

-<  When  the  RESET  input  k  a  logic**!”  the  countenAaDieaet 

-  i^atdteeaoftheCLXiqMit 

-  Re8RinoountupiBodeisooQNitaa*tlOO(r. 

-  Reset  in  count  down  mode  iaoutpuiaa  ”1111”. 

-  AiatheLSBouqmtandDittiieMSBoii^nt 


aRhiiectiire  struct  of  syntetr  is 
component  inv 

generic  (DEIAY:tiine;FANQfU1^intefer.>^ 
TEMPERArURE.*ieaJ, 

INVjrABlE;celLvtJoes?*worit.tahles.inv_thhle); 
port  (INFUiTin  hit; 

OUTTUToutbit); 
end  component; 

component  and2 

generic  (DELAKtiinecFANOUI^int^er.VDDaed; 
lEMPERATUREireal; 

Ara}2jrABlJSxelLvaiues>w«riLtablesjnd2Ltable); 
port(INPUTl:in  hit; 

INFUR'in  bit; 

OUIPin^outbit); 
end  component; 

component  nand2 

generic  pELAY:tinie;FANOUl^intBger,INrilXLAYoinie.’«  0  fi; 
VDD3real;TBMFERArURE.’ieaI; 
NANI>2^TABl£:cdLvahies.'«HiorictablBSjian^ 
port  (INPUTl:in  bit; 
lNPUT2:in  bit; 

OUnVr.ootbit); 
end  component; 

component  nandS 

generic  (DElAY»ime;FANOUl^integer.IhniISLAY»^^  0  Ci; 
VDDaeaI:'IEMFCRArURB.’ieal; 


«2 


NAND3_TABLE:cdLvalues:«wQriLtaUesjiand3_table); 
poct(INPin'l:in  UK 
lNFliT2:in  bit; 

INPl]T3:in  Int; 

OUTHTToutbit): 
end  component; 

component  not2 

generic  (PELAY:time;FANOirninte8ei;INrn>ELAy:time:3  0  is; 
VDD3esl;’IEMFERArUREneid; 
NQR2_TABLE:celLvalues:a>woricJablesjxx2_table); 
pott(INFUTl:in  bit; 

INFUr2nn  bit; 

OUTPUl^outbit): 
end  component; 

oompmientnoiS 

generic  (DELAYrime^ANOUKintegerlNlTDELAYdimers  0  £5; 
VDDaeal;TEMPERArURE3eal: 
NOR3_TABLE:ceil_values:sworic.tablesjKx3.tabl6); 
poft(INFim:in  bit; 

INPUT2:in  tut; 

INPLT3:in  Ut; 

OUTPlTRoutbit); 
end  component; 

component  nor4 

generic  (DELAY:rim6;FANOirrint^er,INni>ELAY:time:B  0  fis; 
VDD3eal;TEMPERArUR£:i«d; 
NOR4_TABLE:cell_values:swoifc.tablesmor4jlBUe); 
port  (INPUTliin  bit; 

INPUT2:in  Ut; 

INPOT3:in  Wt; 

INPUT4:in  UK 
OUTPUTiout  bit); 
end  component; 

component  exnor 

generic  (DELAY:time;FANOUDinteger,VDD:ieal: 
TEMPERAHJRExeal; 

EXNOILTABLE:celi_va)ues:swofk.tables.exnor_iable); 
portONPirriiin  bit; 

INPUTiin  bit; 

OinPUT.outbit); 
end  component; 

component  dff4)edg_rbar 

generic  (CLFANOUTiniegoi'rQNJFANOUTiintcger 
VDD:real;TEMPERArURE3eal); 
port  (D:in  bit; 

CLI^inbit; 

RESET:inbit; 

Qioutbit; 

QBAR:oudrit); 


$3 


r 


endomiponent; 


signal  CLKN.  RSIN.  UFNzbit; 
signal  QAN,  QBN,  QCN.  QDN:lriq 
signal  1206_0. 1207_O,  I208_O,  I209_abit; 
signal  1210.0, 1211j0, 1212_0,  CU.ChInt; 
signal  1215_0, 1216_0, 1217_0, 1218_abil; 
signal  I225..0, 1226_0, 1227_0, 1228_0:bil; 
signal  7201_O,  I281_0, 1187_0, 1185_0;Wt; 
signal  I229_0, 1230_O,  I200_0. 1199_0:l>il; 
signal  I196_0. 1197.0, 1198.0, 1222_0:l>ii; 
signal  B02.0, 1183.0, 1223.0:  Ut; 

for  alkinv  use  entity  waric.inv(befaavioial); 

for  all:and2  use  enti^  woriLand2(belutviotal); 

for  all:nan«]2  use  entity  woikjiand2(beh8viaral); 

for  dknandS  use  entity  waikj)and3Q)ehavio(al); 

for  all:n(»2  use  entity  workjK)t2(behaviofaO; 

for  alL'norS  use  entity  workjKit3(behaviora]0; 

foraU:not4  use  entity  woriuiof40>ehavioral); 

for  alkexnor  use  entity  waric.e»ioi<behavioral); 

for  all:dff.pedg_t1)ar  use  entity  woik^_pedgj(tar(struct); 

begin 


1220:  inv 

generic  map  (DELAY=c>l  ns.  FAN0UT«»4,  VDDb>VDD, 
lEMPERAIIlRE>c»lEMPERArUR£) 
p(»t  map  (CXK,  CLKN); 

1219: inv 

generic  map  (DELAYa>l  ns,  FANOUTs>4,  VDD^VDD, 
'IEMFERArUREs>TEMFERATURE) 
port  map  (RST,  RSIN); 

1221:  inv 

generic  map  (DELAYs^l  ns,  FANOinV>6,  VDl>oVDD, 
TEMFERAri}REa>lEMFERATURE) 
port  nuq>  (UP,  UIN); 

1222;  inv 

generic  m^  (DELAYb>1  ns,  FANOUTb>6,  VDD^VDD, 
lEMFERATURE^'IEMPERArURE) 
port  nuyi  (UPN,  1222.0); 

I225:exnor 

generic  mt^)  (DELAY«>1  ns,  FANOUTs>l,  VDI>^VDD, 
TEMFERAnjRE«>TEMPEEtATlJRE) 
port  map  (QAN,  Cl,  I22S.O); 

123:  dffjtedgjrtiar 

generic  map  (QJPANOUT«>A_FANOUT,  QN J»ANOUT->8,  VDD->VDD, 
lEMFERAmRE-o^lEMPERATURE) 
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port  niq>  (I22S_0,  CLKN,RS1N,  A,  QAN); 


1217:  and2 

generic  map  (DELAYii^l  ns,  FANOUTa>l,  VDD^VDD, 
TENIFERArUREi«>TBMFERArURE) 
port  map  (A,  UFN,  I217_0): 

IZ18;and2 

generic  map  (DELAY-i>l  ns,  FAN0UT->1,  VDD->VDD, 
TEMFERArURE->TEMPERArURE) 
port  map  (I222_0.  QAN.  I218_0); 

1223:  noi2 

generic  map  (DH^YiO'l  ns,  FAN0UT«>1,  VD]>>VDD, 
lEMFERATURE->TEMFERArURE) 
port  map  0217.0, 1218_0, 1223.0); 

1187:  and2 

generic  map  (DELAYiol  ns,  FANOUTa^l,  VDI>i>VDD, 
lEMFERArURE^IEMPERATURE) 
port  map  0223.0,  Cl,  1187.0); 

I226:exnor 

generic  map  (DELAY->1  ns.  FANOUr=o>l.  VDD»VDD. 

lEMFERAIURE>c»TEMPBtATURE) 
port  map  0187.0,  QBN,  1226.0); 

II:  d£Lpe<lgj1>ar 

generic  map  (QJFANOUT«>B_PANOUT,  QN J»ANOUT«>7,  VDIto-VDD, 
lEMP!ERArURE«>lEMFERArURE) 
port  map  0226.0,  CLKN.RSIN,  B,  QB^; 


I281:nand2 

generic  map  0>ELAYa>l  ns,  FANOUr>>l,  VDDs>VDD, 
IEMFERArURE»>lEMPERATlJRE) 
port  map  (QBN,  QAN,  1281.0); 

1212:  and2 

generic  nug)  (DELAYs>l  ns,  FANOUTs>l,  'VDI>s>VDD, 
TEMPERATURE->1EMPERATURE) 
port  map  01PN4281_0. 1212.0); 

1211:  and2 

generic  map  (DELAYb>1  ns,  FAN0UT«>1,  VDI>c>VDD, 
TEMFERArUREaC^lEMFERATURE) 
port  map  0222.0,  QBN.  Ell.O); 

1210:  and2 

generic  nuq>  (DELAYb>1  ns,  FAN0UTs>l.  VDDs>VDD, 
TEMPERAIIJREi<>lEMFERArURE) 
port  map  0222.0,  QAN,  ElO.O); 

1228:  noi3 

generic  map  (DELAY>»1  ns.  FAN0UTb>1.  VDD^VDD, 


ss 


TEMFERArURE->7EMFERAnjra^ 
port  map  Qmj>,  I211_0,  m0_O,  I228_0); 

IlSS:aiid2 

generic  map  ns,  FANOUTol,  VDI»VDD, 

TEMFERATUREa^IEMFERATURE) 
port  nuq>  (1228_0,  Cl,  1185 jO); 

1214:  exnor 

generic  iwg)  (DELAYcol  ns,  FANOtJTac»l,  VDD«>V1>D, 
TEMPERAnJRE«>1EMFERATl]RE) 
port  nnq)  aiSS.O,  QCN,  I214_0); 

19:  dff_pedgjtbar 

generic  map  (Q_FANOUT=oC JANOUT,  QN_FANOUT->S,  VDD->VDD, 
lEMIERArUREaO'llBMDPERArilBE) 
port  map  (I214jO,  CLKN,  RiilN,  C,  QCN); 

1201:nand3 

generic  nug>  (DELAYol  ns,  FANOUTa^l,  VDDa^VDD, 
TEMHERATUREolEMFERATURE) 
port  map  (QCN,  QBN,  QAN,  I201_O); 

1206:  and2 

generic  nug)  (DELAYiol  ns,  FANOUTb>1,  VDDa>VPD, 
TEMFERATUKEa^lEMFERArURE) 
port  m^  (UPN.  I201_O,  I206_O); 


1207:  and2 

generic  map  (DELAYol  ns,  FANOUTol,  VDDoVDD, 
TEMPERATUREolEMPERATURE) 
port  map  (I222_0,  <3CN,  I207_O); 


1208:  and2 

generic  map  (DELAYol  FANOUTol,  VDDoVDD, 

TEMFERATURBolEMFERATURE) 
pnt  map  (I222_0,  QBN,  I20g_O); 

I209:aiid2 

generic  map  (DELAYol  ns,  FANOUTol,  VDDoVDD, 
TEMPERATUREoTEMFERATURE) 
port  map  (I222_0,  QAN,  I209jO); 

1227:  noi4 

generic  map  (DELAYol  ns,  FANOUTol,  VDDoVDD, 
TEMFERATUREolEMFERATUKE) 
port  map  (I206_O,  I207_O,  I208_O,  I205_O,  I227_0); 

1183:  and2 

generic  map  (DELAYol  ns,  FANOUTol,  VDDoVDD, 
TEMFERATUREoIEMPERATURE) 
port  nuq>  (I227_0,  Cl,  I183_0); 

1215:  exnor 
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generic  map  (DELAYaol  ns,  FAN0UTb«>1,  VD1>»VDD, 
TEMFERATUREaC’IEMFERArURE) 
poit  iiuv  ai83_0.  QDN,  QIS.O); 

112:  dfiLpedgjtbar 

generic  map  (QJ’ANOUT->D_PANOUT,  QN_PANOlTr^3,  VDD->VDD, 
IEMFERArURE«>TEMPERAlURE) 
post  nuv  (I21S_0,  CLKN,  RS1N,  D,  QI^; 

1216:  inv 

generic  map  (IM^AY^l  ns,  FANOUTa^l,  VDD^VDD, 
lEMFERAn}KE><>1EMFERAn}RE) 
port  map  (Cl,  I216_0); 

1230:  nor3 

generic  iiup  (DELAYa>l  ns,  FANOUTaCxl,  VDD-oVDD, 
mffERAnJRE>>TEMPERATURE) 
port  m^  (I216_0,  QDN,  QCN,  I230_O); 

1229:  nor3 

generic  map  (DELAYi^l  ns,  FANOUTaol,  VDD>>>VDD, 
IEMPERATURE>>>TeMFERAnjRE) 
port  imv  (QBN,  Q AN,  Um,  I229_0); 

I196:nand2 

generic  iiup  (DELAYol  ns,  FANOUTol,  VDDss>VDD. 

TEMFeiAnJRE>c>miFCRATU^ 
port  map  (1230.0, 1229_0, 1196.0); 

1200:  nand3 

generic  map  (DELAY«>1  ns,  FANOlTrs>l,  yDl>^VDD, 
TEMFGRArUREB>‘IEMFERATURE) 
port  m^  (QDN,  QCN,  QBN,  EOO.O); 

I199:nan<13 

generic  map  (D£LAY«>1  ns,  FANOUT*>l,  VD1>>>VDD, 
TEMPERArURE-^TEMPERAlXlRE) 
port  m^  (QAN,  UPN,  Cl.  I199_0); 

1198:  nor2 

generic  map  (DELAYac>l  ns,  FANOUTaOl,  VDIVcaYDD, 
TEMPERAIX]RE->1EMPERA'nJRE) 
port  map  (I200_O.  I199_0, 1198_0); 

1197:  inv 

generic  map  (DELAYb>1  ns,  FANOUTaOl,  'VDDss>'VDD, 
TEMI%RArURE>c>IEMPERATURE) 
port  map  (I198_0, 1197_0); 

1302:  nand2 

generic  map  (DELAY*>1  ns.  EANOUTas*CO_FANOUT,  VDI»VDD, 
lBKlPERArURE<>'IEMFERAIl}RE) 
port  m^  (I196_0, 1197jO,  CO); 

end  struct; 
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use^’oric.iabksidl; 
use  wotk.gemjcoiistants  jU; 
use  woflc.gein_de]ays^ 


-  device  UPSCTR 

-  fileupSctr.vbd 

~  Five  bit  up  counter  with  reset 


entity  upSctr  is 

generic  (AJ^ANOUHinteger; 

BJ’ANOURinteger, 

CJPANOUninteger, 

DJiANOUTintegei; 

EJlANOiminteger, 

VDDaeal; 

TEMPEPATURE:ieal); 

port(CLK,RS'ninbit; 

A,B,C,D,E:ontbit); 

en(liq>5ctr; 


••  Stnictural  aicliitecnne  for  a  synchronous  S*Mt  counter  with 

-  asynchronous  Reset  The  counter  shall  increment  by  one  upon 
~  ea^  rising  edge  of  die  QLK  input  if  the  RESET  ii^  is  a 

-  logic  D^Tbe  counter  shall  rollover  to  a  count  of  *‘00000"  if 

-  the  present  count  is ‘*11111". 

~  Whm  the  RESET  input  is  a  logic  “1"  the  ouQNit  shall  be  "00000” 

-  regardless  of  thr.  state  of  the  CLK  input 
-•  AistheLSB>bitandEistheMSB>Ut 


architecture  struct  of  up5ctr  is 
component  inv 

generic  (PELAY:tiine;FAHOirrint^er;VDD;real: 
lEMFERATURErreal; 

INV_TABLE:cell_values:awor]!:.tables.inv_table); 
port(INFlJT;in  bit; 

OUTPUTioutbit); 

endconponent; 

component  not2 

generic  (PELAY:lime;FANOirrinteger;INlTDELAY:iiiiie:a  0  fs; 
VDD:feal;TEMPERArURE:.eal; 
NOR2_TABLE:celLvalues^woflLiabIesJioi2_table); 
po(t(INFXJTl:in  bit; 

INPUT2:in  bit; 

OUlPURoutbit); 
end  component; 
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oompntentiMxS 

generic  (DELAY:time;FANOUl^int^(enINni>EIAYniine;ai  0  6; 
VDD;reel;'IEMFERAnjRE3eal; 
NOR3jrABl£;oelLvalaes.’«woriLtaUesjio(3_tabie); 
pO(tC[NPUTl:in  Ut; 

INPUn-in  Ut; 

INPUTSrin  Ut; 

OUlPUToutUt); 
end  component; 

component  nop4 

generic  (pELAY:time;FANOirRint^ec;INni>ELAY:tinie:B  0  6; 
VDD3eal;lEMFERATUREaeaI; 
NOR4jrABLE:celLvalues:BWoric.taldesjioi4jaUe); 
poet(INFXJn:in  Ut; 

INFl]T2:in  Ut; 

INPUT3:in  Ut; 

INPUT4:in  Ut; 

OUIPUKoutUt); 
end  component; 

component  exnor 

generic  (DELAY:time;FANOURint^er,V!>D3efd; 
lEMFERATURExeal; 

BXNORjrABLE:celt_values:a^affc.taliles.exnor_taUe); 
port  (INPUTl:in  Ut; 

INPUT2:in  Ut; 

OUIYURoutUt); 
end  component; 

component  dfiLpedg_rt»r 

generic  (Q_FANOURint^a;(^_FANOUrintBger;  VDDtreal; 

lEMPEEtAIURE.'ieid); 

poit(D:inUt; 

CUCinUt; 

RESERinbit; 

Qroutbit; 

QBAR:oud>it); 
end  component; 

signal  CLKN,  RSTN,  QA.  QANrUt; 
signal  QBN.  QCN.  QDN.  QENtUt; 
signal  I106_O,  I107_O,  Il(»_0:Ut; 
signal  I109_O,  IllOjO,  I1H_0  J112_0;Ut; 


for  all:inv  use  enti^  woric.inv(behavioral); 

Cor  aU:noi2  use  entity  woriuiaf2(beliavxxa0; 

for  albnoiS  use  entity  woikjioi3(behaviQrBl); 

fbr  all:noi4  use  entity  workJioc4(behaviocaB; 

for  alkexnor  use  entity  wt)ric.exnoi<behaviocal); 

for  all:dfiF_pedg_ri)ar  use  entity  woriulfLpedLri»i(stnict); 


b^in 


1114:  inv 

generic  map  (DELAYai>l  ns,  FANOUTa^S,  VDDa>VDD, 
TEMPERAnJRE->lFMPERArURE) 
porinu^  (ClK,  CLKN); 

1124:  inv 

generic  map  (DELAYol  ns,  FANOUTiOS,  VDD-oVDD. 

miPERAlTJREaolEMPERArURE) 
post  (RST,  RS1T4); 

I109:exnar 

generic  map  (DELAYaol  ns,  FANOUTa>l,  VDDaoVDD, 
TBMPERATtJREio'mMFERATURE) 
port  (QA,  QBN,  I109_O); 

1110:  noi2 

generic  nup  (DELAY*>1  ns,  FANOUr>i>l.  VDI>a>VDD, 
TEMPERAIURE->7EMPERArURE) 
port  map  (QBN,  QAN,  IllO.O); 

Illl:noi3 

generic  map  (DELAY»1  ns,  FANOUT<>i,  VDD-»VDD, 
1FMPERATIJRE->1EMPERAJIIRE) 
port  (QCN,  QBN.  QAN.  nil_0): 

1112:  noi4 

generic  map  (DELAYai>l  ns,FANOUTa>l,  VDI>^VDD, 
lEMFERATTJREi<>'ICMPERArURE) 
pent  map  (QDN,  (2CN.  QBN.  QAN.  1112.0); 

I106:enior 

generic  map  (DELAYa>l  ns,  FANOUT*^!,  VDl>i>VDD, 
lEMFERAIl)RE«>lEMFERAnjRE) 
port  map  ail2_0.  QEN.  1106.0); 

1107:  exnor 

generic  map  (DELAYa>l  ns,  FANOOTs^l,  VDDa^VDD, 
lEMI^RAlljREicalEMPERArURE) 
port  map  (Illl.O,  QDN,  1107.0); 

1108:  exmv 

generic  map  (DELAYb>1  ns,  FANOUTai>l,  VDDb^VDD, 
TEMPERATOREiolEMPERArURE) 
port  nwp  (IllO.O,  QCN,  1108.0); 

1101:  dfiLpedgjrtiar 

generic  map  (QJFAN0UT->1,  QN.FANOUT«<>5,  VDD«s»-VDD. 

'IEMPERArURE»TEMPGRAnjRE) 
port  map  (QAN.  CLKN.RSIN,  QA.  QAN); 
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133:  inv 


generic  mi^  (DELAYai>l  ns,  FANOUTi^AJPANOUT,  VDDii^VDD. 

IEMFe(AnjRE->1EMPERArUZtF) 
poftni4>(QAN,  A): 

1102:  dfiLped&jbar 

generic  map  ((LFANOUT->B_FANOUT.  QNJf>ANOUT«&4,  VDD»VDD. 

TEMFERArURE->TBMFERAnJRE) 
poftmiy)  (I109_O,  CLKN,RSTN,B,  QBl^; 

I103:d£Lpedg^ 

generic  ((LFANOUT»>C JANOUT,  QN_FANOUT->3,  VDDi»>VDD, 

7EMFERArURE->TBMPBRArURE) 
poet  nu^  (1108.0,  CLKN,  RSTN,  C.  QG^; 


1104:  d£Lpedg.ibar 

generic  map  (QJPANOUT>»D J^ANOUT,  QN_FANOUT»2.  VDI>»VDD, 
TBi»lPERArURE->TEMPERAIXJRE) 
poat  nu^  (I107_O,  QJCN.RSIN,  D,  QDN); 

1105:  d£Lpedg_ibar 

generic  map  (Q_FANOUT»E_FANOm;  QNJ’ANOUT^l,  VDD->VDD, 
lEMPERAlTlRE>^mfFERATURE) 
poet  map  ai06_O,  CLKN,RSTN,E,  QEN); 


end  struct; 


use  STD^StandanLall: 
usewcitk.tablesjdl; 
use  woriE^em_constants  jdl; 
use  wo(k.gem_deli^4dl: 


-  Hus  is  Ae  9  stage  rii^le  counter  module  which  is  used  in  the  FRC>70  - 
-395  chip  model  — 


entity  ictrjtetage  is 

generic  (q9_fiu)out:  integer; 

VDD:  real; 

lEMFERATURE:  real); 

port  (clk9,  res9:  in  hit; 
q9:  out  bit); 

endictr_9stage; 

architecture  struct  of  rctr_9stage  is 
component  dff_pedg_ri>ar 

generic  (Q_FANOUH  int^er,  QN_FANOirnint^er, 
VDDireal;  TEMPERATUREtreal); 
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poftCD:  in  bit; 

CLK:  in  bit; 

RESET  in  bit; 

Q:  out  bit; 

QBAR:  cut  biO; 

end  component; 

component  hdjbuff 

generic  (raLAY:time;FANOUniniBger,VDDaeaI; 
lEMFERATUREneal; 

MD_BUFF_TABLE»^valiies:aiwadotaUesJ)dJbufLtable); 
poct(INFUr.  in  bit; 

OUTPUT  out  Wt); 

end  component; 

component  inv 

generic  03ElAY:tinie;FANOUTinteget;VDDaeal; 
TCMFERAIUREneal; 

lNV_TABIJBxeiLvalues>woifc.tablesJnvjt^e); 
poctONFUT  in  bit; 

OUTPUT  out  bit); 

end  component; 

signal  VOC:  bic»  ‘1’; 
signal  OND:  bit:«  *0’; 

signal  I901.Q,  I901JQN:  bit; 

signal  I90^Q.I90ZjQN;  bit; 

signal  I903.Q.I903_QN:  bit; 

signal  I904_N.  190S Jl:  bit; 

signal  I906_Q.  I906jQN:  Ut; 

signal  I907.Q.  I907_QN:  bit; 

signal  I908.Q.I908_QN:  bit; 

signal  I909_Q.I909_QN:  bit; 

signal  I910LQ.I910JQN:  bit; 

signal  I911_Q.I911_QN;  bit; 


for  all:  dffjiedgjAar  use  entity  woilulflLpedg_ibat(stnict); 
for  all:  hdJbuff  use  entity  woi)UKLbufi(behaviond}; 
for  all:  inv  use  entity  woflunv(behaviocal); 


b^in 

1901:  dff_pedgjbar 

generic  ro^>  «i.FANOUTV>  1,  QN_pANOUT=>  2,  VDD«>  VDD, 
TEMFERArURE>o>  TEMPERATURE) 
port  map  G901_QN,clk9490SJM/)pen^l jQ]^; 
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1901‘dfLpedgjrtMr 

generic  map  (QJiANOinw>  l.  (^JPANOUT->  2,  VDDa>  VDD, 
'imf?ER>aTJR&o>  lEMFERAIllRB) 
port  map  (I9(tt_QNJ901_QNJ905 J^/)peoa902_<^^ 

1903:  (l£^>edgjrtMr 

generic  map  (QJPANOXJT»  l,QN_FANOUT->2,VDD»yDD. 

TEMPERArUBE«>  lEMFERATURE) 
port  imp  a9(»_QN49(J2_QN4905 J^vopon49W_C»0; 

1904:  inv 

generic  map  (DELAX^o  Ins,  FANOUT*>  1.  VDD^VDD, 
lEMFERATUREa^  TL.V)VGR>aURE) 
port  map  (ies9,I904JN); 

I90S:h(Lbiiff 

generic  imp  (DELAYS  1  ns,FANOl]TB>9.VDDK>VDD, 
lEMPERATI]RE->lEMFERArUR£) 
port  m  V  (I904_N.  I90S JN); 

1906:  dftpedgjtMT 

generic  map  (Q_PANOUT^  1,  QN_FANOUTb>  2,  VDIW  VDD, 
TEMFERATUREo  TEMPERATURE) 
port  map  (I906_QNJ903_QN4905 J4rf)peii4906.QN); 

I907:dff_pedg_ibar 

generic  map  (QJRANOUTio  1.  QNJPANOUr«>  2,  VDDb>  VDD, 
TEMPERArUREaCx  TEMPERATURE) 
port  map  (I907jQN4906_QNJ905 J^jopeiiJ907_QN); 

I908:dfLpedgjtnr 

generic  imp  (Q_FANOUTV>  1,  QN_PANOUT«>  2,  VDDb>  VDD, 
TEMPERAIUREiO  TEMPERATURE) 
portmqi  (I908_QNa907_QNJ905_NjopenJ908_QN); 

1909:  dfLpedg_Tbar 

generic  iiiq>  (Q_FANOUTa>  1,  QN_FAN0UT«>  2,  VDDi^  VDD, 
TEMPERATURE^  TEMPERATURE) 
port  map  (I909_QN4908_QNJ905_N,opeiiJ909_QN); 

1910:  dftj)edg_ri>ar 

generic  imp  (Q.FANOUT^  1.  QN_FANOUT->  2,  VDD->  VDD, 
TEMPERATUREiO- TEMPERATURE) 
port  map  (I910_QN4909_QN4905_N,opena910_QN); 

1911:  dff_pedg^ 

generic  imp  (Q.FANOUT«>>  1,  QNJ>ANOUT«>  1,  VDIK>  VDD, 
TEMPERATURE»  TEMPERATURE) 
port  map  (1911_QNJ910_QN4905_N,q9  J911_QN); 

end  struct; 
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aseSTD^tmdavdJdl; 
uae  woik.ttbk&aU; 
use  wQric^emjconstwts  jdl; 
use  waiic.geniijlebysjai; 


-  Hiis  is  the  13  stage  i^lecomter  module  used  in  iteFRC*7039Scii4i 


entity  icir_13stage  is 

generic  (ql3.fi«out:  integer; 

VDD;  real; 

lEMFERATURE:  real); 

poet  (c]kl3,iesl3:  in  bit; 
ql3:  out  bit); 

endictr_13stage; 

architecture  struct  ictti.l3stage  is 
component  dCLpedgjbar 

generic  (QJPANOUI;  int^er,  QN_FANOURintegef; 

VDDneal;  TEMPERATOREaeal); 
port  (D;  in  Int; 

CLK:  in  bit; 

RESETS  in  bit; 

Q:  out  bit; 

QBAR:  out  \Axy, 

end  component; 

component  hdjbuff 

generic  (DELAY:time;FANOUT;uitBger;VDDaeaI; 
lEMFERATURE.’teal; 

HD_BUFFjrABIJB:c^'values>wcik.tabIesJHLbufiLtab)e); 
poit(INFUl^  in  bit; 

OUIPUT.  out  bit); 

end  component; 

compoitentinv 

generic  (DELAY:time;FANOTJT^uitBger,VDl>aeaI; 
lEMI^RATURE'ieal; 

INV.TABlJB:ceILvalues»woik.tablesjnvjtable); 
port  (INPUI^  in  bit; 

OUIPUT.  out  bit); 


end  component; 

signal  VeX!:  bit:^ ‘1’; 
signal  GND:  bit:*  *0’; 
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8igaalI1301_Qjl30l.QK:  bit; 

si8nalI1302.Q.I13(^.<^:  bit; 

signal  I1303jQ.I1303.QN:  bit; 

signal  I1304.Q.I13(M.QN:  bit; 

signal  I130S_Q.I130S  QN:  bit; 

sigiuaU306J«.Il307j«:  bit; 

signal  I130B_Q,I13(«.QN:  bit; 

signal  I1309_Q,I1309.QN:  bit; 

signal  I1310.Q.I1310.(^:  bit; 

signal  I1311_Q,I13U.QN:  bit; 

signal  I1313LQ,I131^(^:  bit; 

signal  I1313_Q,I1313.<^:  bit; 

signal  U314.Q,I1314.QN:  bit; 

signal  I131S_Q,I131S.QN:  bit; 


ftiraO:  dftj>edg_(bar  use  entity  wtsLdflLpedgjAaKstnict); 
ftrall:  hOufF  use  entity  «raUid.bii£Kbetiavioai); 
forall:  inv  use  entity  voekjnv(belisvkxal): 


begin 

11301:  d£U>edg.rt)tf 

generic  map  (<i_FANOUT->  1.  QNjiANOUT«>  2,  VDIV>  VDD, 
lEMPER^rURE->  iCKffER^rUB]^ 
port  map  (Il301_QN^13J13C7^N,<Jpeiai30l_QN); 

11302:  diLpedgjrtiar 

generic  map  (Qj'ANOUT->  1,  QrOiANOOTo  2,  VDDo  VDD, 
IEMPERArURE->  TCMPERiVTURB) 
port  map  ai302,QMJ1301jQNJl3a7Ji,aFenJ1302.(^; 

11303:  dfiUiedgjbar 

generic  mip  (Q_FANOUT->  1,  Q^:.FANOXJr««»  2,  VDD->  VDD, 
lSMPERAlUBE->  rntPERATUBE) 
port  map  (I1303_QNJ1302_QNJl3a7_N,openJ1303.(»<); 

11304:  dff j)edg_il)ar 

generic  mtp  (QjANOUT->  1,  QN_FANOUr«>  2,  VDD->  VDD, 
miPCRAlIJREiO  lEMPERArUKE) 
port  map  ai304_QNJ1303.QN4l307jN,openjl304.QN); 

I130S;  d£Fj>edg_itar 

generic  map  (QjPANOUT«o  1,  QN.,FAN0UT»>  2,  VDI>i>  VDD, 
miPE»AllJBE>c> 

port  map  ai305_QNJl304_QNjl307jN,opcnjl305.(»l); 

11306:  inv 

generic  mip  (DELAYai>l  ns,  FANOUTa^  1,  VDD->VDD, 
TCMP!ERATUBE><>  IFMPfiRAnJRE) 
port  m^p  (resl3, 11306.N); 

11307:  hd_buff 
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Semric  inapa>FLAY-c>l  ni,  FANOUTS  13.  VDD»VDD. 

1EMPE  >^A3TJRBio>TEMPERArURE) 
poet  map  (I1306LN.  11307 J4); 

11308:  (UUiedgjtv 

generic  IMP  (QJ>AN0U1W>  1,  QNJRANOinw>  2,  VDD^  VDD. 

lEMFfiRAmRB«>  lEMPBRATORE) 
port  iiup  ai308LQNJ130S.QNJ1307_^vO|ien41308.QN); 

11309: 

generic  map  (Qj:ANOinw>  1,Q|NJV^U1V»2.VDD»  VDD. 

lEMPBRATURBo  lEMPBRATORB) 
port  ai309_QNJ1308_(^J1307_N.ci)en41309_QN); 

11310:  d/.Cped8Jte 

generic  map  (QJPANOUI^  1.  QrU^ANOUT»  2.  VDDio  VDD. 

lEMFSR>ai]RE->  TEMPERAIURE) 
port  imp  ai310LQNJ1309_QNJ1307J4/pen  J1310LQN): 


11311:  dfiLpedg_riw 

generic  map  ((LFANOm^  1.  QNJPANOUT»  2,  VDDi^  VDD. 

lEMPBRAnjRE->  lEMFCRATURE) 
port  map  ai311_QNJl310_QNJ1307 J(.openJ1311_(^; 

I131Z*  d£Umdg_rii«r 

generic  map  (QJ>ANOUT»  1.  QN_FANOUTWo>  2.  VDD^  VDD. 

TCMFBRAHJRE-^  TEMPBRAIIJRE) 
port  map  ai313LQNJl3ll_QNJ1307JN.opeiiJ1312.(^; 

11313:  dlUwlg_riiar 

generic  map  (QJ>ANOUTW>  l.QNJ>ANOUT«>2.VDD»  VDD, 
lEMFERATUREiO^  lEMFERATURE) 
port  m^i  ai313_QNJl312_QNJ1307 J<l/penJ1313_QN); 

11314:  dfLpedgjbar 

generic  map  (<UFANOUT->  l,QN_FANOUT->2,VDD->  VDD, 
TBMFERATURE^  lEMPERATURE) 
port  imp  ai314_QNai313_QNJ1307JI/penJ1314_QN); 

!131S:dfiUx>dg^ 

generic  map  (Q_FANOlIT->  1,  QN_FANOUT->  1,  VDD->  VDD, 
TEMF!BRAnJRE-<>  lEMFERAnniE) 
port  map  ai31S_QNJl314_QNJ1307_N,ql3J1315_<»^); 

end  struct; 
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-use  STD.StandanLall; 
library  gemlib; 
use  geni]ib.iables^ 
use  gein]ib,geni_constants^; 
use  gemlib.gein jddays^ 

entity  ictr_18stage  is 

generic  (ql8_£anout‘  integer, 
te^docl^ianout:  integer 
testoutpuLfanout:  integer, 
VDD:  real; 

lEMFERATURE:  real); 


port  (clkl8,  leslS:  in  bit; 

qlg,testclocic,testouqHit:  out  bit); 

endictr_18stage; 

architecture  stn.ct  of  rctr.lSstage  is 
component  dfLpedgjbar 

generic  (Q_FANOUT;  intega;  QN_FANOirrinteger, 

\^D;real;  TEMFERATUREaeal); 
p(xt(D:  in  bit; 

CLK:  in  bit; 

RESET:  in  bit; 

Q:  out  bit; 

QBAR:  out  bit); 

aid  component; 

component  hd_buff 

generic  (DELAY:time;FANOUninteger,VDDaeal; 
lEMPERATUREireal; 

HD_BUFF_TABLE:c^_values:sgemlib.tabIes.lid_buff_table); 
port  (INPTO  in  bit; 

OUTPUT;  out  bit); 

end  component; 

component  inv 

genetic  (DELAYitimeJ’ANOUTintegerVDDaeal; 
TEMPERATURE:teal; 

INV_TABLE:cell_values:sgeinlib.tabIes4nv_table); 
port  (INPUT)  in  bit; 

OUTPUT)  out  bit); 

end  component; 

signal  VCC:  bit* ‘1’; 
signal  GND:  bit*  ‘O’; 

signidI1801_Q,n801_QN:  bit; 
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signal  I18Q2_Q.I1802_QN:  bU; 

signal  I1803_Q.  I1803_QN:  bit; 

signal  I1804_Q.  11804  QN:  bit; 

signal  I1805_Q.  I18Q5_QN:  bit; 

signal  I1806_Q.  I1806_QN:  bit; 

signal  11807 11806^:  bit; 

signal  11809_N:  bit; 

signal  11810_Q.I1810_QN:  tut; 

signal  11811_Q,11811_QN:  bit; 

signal  11812_Q.  11812_QN:  bh; 

signal  11813_Q,  I1813_QN:  bit; 

agnal  11814_Q,  llSM.t^:  bh; 

signal  1181S_Q,  11815_QN:  bh; 

agnal  11816_Q.  11816_(^:  bit; 

signal  11817_Q.  11817_<»1:  bh; 

signal  11818_Q,  n818_(^:  bit; 

signal  11819_Q.118i9_(^:  bit; 

signal  11820_Q,11820_QN:  bit; 

signal  11821_Q,11821_(^:  bit; 

fwall:  dff_jwdg_ibar  use  enti^  wofiLdff_ped&.ibai(stnict); 
for  all:  hdj>uff  useenthy  gemHbJidJbtifif(bd)aviocal); 
for  all;  inv  use  entity  gemlibJnvfbehaviotal); 


begin 

11801:  dflf_pedg_rbar 

generic  (Q.FANOUT*>  1,  QN_FANOUTi0>  2,  VDIte>  VDD. 

TEMPERArURE»  TEMPERATURE) 
port  map  ai801_QNJ[1807J4J1808_N,opcnJ1801_<3S0; 

11802;  dff_pedg_ibar 

generic  map  (Q_FANOUTe>  1,  QN_FANOUTss>  2,  VDD=>  VDD, 
1EMPERArURE->  TEMPERATURE) 
port  mtq;>  (11802_QN41801_QNJ1808_N.openai802_(»4); 

11803:  dfF_pedg_Tbar 

generic  map  (<1FAN0UT«>  1,  QN_FANOUT«>  2,  VDD->  VDD, 
TEMPFRATLIRE^  TEMPERATURE) 
port  miq>  ai803_QN41802_QN41808_pj,open41803_QN); 

11804;  dff_pedg_rbar 

generic  map  (QJ’ANOUT*>  I,  QN_FANOUT«>  2,  VDD=>  VDD, 
TEMPERATURE»  TEMPERATURE) 
port  map  ai804_QN41803_QN  J1808_N,open41804_QN); 

1180S:  d£r_pedg_ri)ar 

generic  map  (QJ’ANOUT->  1,  QN  FANOUT»>  2,  VDD->  VDD, 
TEMFERAnJRE->  TEMPERATURE) 
port  iium  ai80S.QN41804_QN41806_N.apen41805_QN): 

11806;  d£Lpedg_rbar 

generic  nug)  (OJANOUTo  1,  QN_EANOUT-o>  2,  VDD«>  VDD, 
TEMFERATURE»  TEMPERATURE) 
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port  map  ai806_QNJ[1805_QNJ1808 J^,open  J1806_QN); 

11807:  inv 

generic  iniq)  (DELAY-ol  ns.  FAN0Ur»>  1.  VDDb>VDD. 

'ISMFGRATUKB->  lEMPERAIURE} 
port  map  (clkl8. 11807.^; 

11808:  hd_biiff 

generic  aap  (DELAY»1  ns,  FANOUT->  18,  VDDoVDD, 
TCMPERArURE<>TBMFERArURB) 
port  imp  (resl8, 11808_N): 

11809:  inv 

generic  imp  (DELAY«>1  ns,  FANOUT«c>l,  VDI»VDD, 
lEMFERAn;REiO>TBMPERArURE) 
port  imp  (I181?_Q,  11809 J4); 

11810:  dfiLpedgjrtiar 

generic  imp  (QJ*ANOUT«>  1,  QN_FAN0UT->  2,  VDI>c>  VDD, 
TEMPERATUREsO  lEMFERATURE) 
port  imp  ai810_QN41806_QNJ1808Jl.qpen  J1810_QN); 

11811:  dff_pedg_ibar 

generic  imp  (QJFAN0UT=>  1,  <3N_PAN0UT=>  2,  VDI>=>  VDD, 
lEMPERArURE>>  lEMFERATURE) 
port  map  ai811_QNJ1810_QNJ[1808JI,openJ181LQN); 

11812;  dfitjiedgjrtnr 

generic  imp  ((LFANOirr»>  2,  QN_FAN013T=>  1,  VDD=>  VDD, 
TEMHBRAnJRE»  lEMPERATURE) 
port  m^  ai8l2_QNJ1811_QNJ1808_NJ1812_Q41812_QN); 

11813:  dfF_pedgjrt»r 

generic  map  (Q_FANOUT»>  (estouq)ut_lanoiit,  QN_FANOmw>  2,  VDD->  VDD, 
lEMPERATURE^  lEMPERATURE) 
port  mip  (I1813_QNJ1809_NJ1808J^.IC5toupuai813_QN); 

11814:  <lff_pedg_ri»r 

generic  map  (Q_FANOUT=>  1,  QN_FAI«)UT«>  2,  VDD=»  VDD, 
lEMPERATURE-O  lEMPERATURE) 
port  map  (I1814_QN41813_QNJ1808J4,openai814_QN); 

1181S:  dLlpedg_ri»r 

generic  map  (QJFANOUT*>  1,  QN_FANOUT*>  2,  VDDso  VDD, 
lEMPERATUREao  lEMPERAIURE) 
port  mq>  ai815_QN41814_QNJ1808J4.open41815jQN); 

11816:  dffjpedgjtar 

generic  map  (QJFANOUT»>  1,  QN_FANOUT»>  2,  VDDs>  VDD, 
lEMPERATURE>o  TEMPERATURE) 
pwt  imp  ai816_QN41815_QNJ1808.N,q»cn41816_QN); 

11817:  dfifj»edg_it(ir 

generic  map  (OJANOUTo  1,  QN_FAN0UT»>  2,  VDDo  VDD, 
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TEMPERATURBi>>  lEMFERATURE) 
port  map  ai817_QNJ18i6_QNJ1808_Nx]pen  J1817jQN); 

11818:  dffjiedg.^ 

generic  map  (QJ‘AiK)\n»>  1,  QN_FANOUT->  2,  VDD>o  VDD, 
TEMPERATUSE^  TEMFERAnjSE) 
port  mi^  ai818-QHJ1817_QNJ1808_N,open418l8jQN); 

11819:  dfLpedg^ 

generic  map  (QJ>ANOUT->  1,  QNJ>ANOUT«>  2,  VDD->  VDD, 
IEMPERAnJRE->  lEMPERATORE) 
pact  map  ai819_QN418l8_QN41808_N/)l)en41819_QN); 

11820:  d£Lpedg_ibar 

generic  nup  (QJFANOUDo  1,  QN_FANOUlW>  2,  VDD=>  VDD, 
TEMIERATUR£->  lEMFERATURE) 

poet  map  ai820_QN41819_QNJ[1808JNvOIK»418^_QN): 

11821:  dff_pedg_itNir 

generic  mq>  ((UANOUT->  ql8_Canottt,  QNJPANOUr»  1,  VD1>»  VDD, 
TEMPERATURE»  lEMPERAlIJRE) 
poet  map  ai821_QNJ1820_QN41808_N.ql841821jQN); 

testclock  <E  11812_Q; 

end  struct; 

use  wofk.taibles.alI: 
use  w(Mk.gem_c(mstantsjBll: 
use  woik.gem_delaysjll; 


..  Structural  VHDL  description  of  the  CHP131  for 
-  the  FRC70  Radio. 


entity  CHP131A  is 

generic  (lEMFCRATUREaeal: 
VDDntMl); 

port([*RCTR:inbit; 

DIR:inbit; 

EXDISN:inbit; 

CRSE:inbit; 

HOME:inbit; 

EXEC:inbit; 

SETDIR:inbit: 

RLEGFF:inbit; 

PULSElnnbit; 

MODSA]MPN:inbit; 

LCMD:inbit; 

ENFCIR:inbit; 

£NPSlG:inbit: 
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PSUKhintnl; 

FINE:iubit; 

BNBlJSnnbit.vecair(3  downto  1); 

LLlMN:oufbit; 

RLEO:oud}it; 

RSTSW:outbit; 

PMRX:ouAmi; 

SENStoudnt; 

PSNxuibit; 

F4N:oud»t; 

P2N:outt>it; 

PlN:outt>il; 

RRBUS:outbit_vectO((7  downto  1); 

FRBUS:outbiLvectot(3  downto  1); 

PHSENioutbit); 

endCHP131A; 

architecture  soiKt  of  chpl3  la  is 
component  cino8_in 

generic  (DELAY:tinie;FANOUTiint^e(;VDDneal; 

TEMFERATUREueal; 

CMOSJN_TABLE:celLvalues>woik.tobles.cmo6jnjable); 
port(INPirnin  trie 
OUTPUKoutbit); 
end  component; 

component  cmo8_pad 

generic  (DELAY:time;FANOUTintoger,VDDueal; 

'EEMFERArUREaeal; 

CMOSJ’AD_TABLE:celLvalues:=woric.taUesxinos_pad_ttble); 
port  (INPUT^in  bit; 

OUTPOToutbit); 
end  component; 

component  ouLbuff 

generic  (DELAY:time;FANOirrintBgenVDD:real; 

TEMPERATURExeal; 

OirT_BXiFF_TABLE:ceULvaliies:sworiLtables.oatJbiiff_tahle); 
poct(INPUT:in  bit; 

OUTPirr.outbit); 
end  component; 

component  cmos_5vout 

Oeu^jc  03ELAY:rime;FANOUTiRtoger,VDDueal; 

TEMPERATURExeal; 

CMOS_SVOUr_TABL£;celLvalues:BWtxfc.iablesxnios_^voii^td)lB); 
port  (INFUI^in  bit; 

^:in  bit; 

OUTPOToutbit); 
end  component; 

component  inv 
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generic  (DELAYitimeiFANOUninl^erVDDaeri; 
lEMFCRATURBaced; 

lNVjrABLE:cdLvaliies:«woric.tat)lesjnv_taIde): 
pcct  (INPUnin  Mt; 

OUIFURoutbit); 

Old  component; 

oomponentand2 

generic  (pELAYnimef AKOUKinteterVDDnea]; 
lEMFERATURBaeal; 

AND2jrABIJB:oelL^iies:*<itmlc.ttMe3j>id2_tabfe); 
poftCINFUTltin  bit; 

INFimdn  bit: 

OUTPUKootbi^); 
end  component; 

component  ends 

generic  (DELAYriine;FAN0Lrnint^enVDD3eal; 
TEMFERATUREaeel; 

AND3jrABLE:celL^ties:awQric.td>les3nd3_talde); 
pott(INFUTl:in  bit; 

INFUT2dn  bit; 

INFUTSdn  bit; 

OUTFUr.outint); 
end  component; 

component  nand2 

generic  (DELAYrir!ie;FANOUTinteser;lNTII)ELAY:time:»  0  fit; 
VDDx^lEMPBRATUKBoeel; 

NAND^TABl£:ceILvalues:«nvoik.aldesjiand2_lahk); 
pQrt(INFUTl:in  bit; 

INFirndn  tril; 

OXJTPirnoutbit); 
end  component; 

compoiiientnandS 

generic  (DElAY:time;FANOUTinti^«UNrn^AYniine:B  0  fr, 
VDDaMklEMFERATURExeel; 

NAND3_TABLE;celLv«iMes;«woitjebles.nand3_aMe); 
port  (INFUTlnn  Ut; 

INFUT2dn  bit; 

INFUTSdn  bit; 

OUTPUnoutbit); 
end  component; 

component  nand4 

generic  pELAYnimed’ANOUTintegenINnDELAYniine:*  0  fis; 
yDI>:ieatlEMFERATURE.Teal; 

NAND4_TABLE;celLvaloes:>wo(k.ttblesjiand4_table); 
port  (INFUTlrin  bit; 

INPUT2:in  bit; 

INFUT3:in  bit; 

INPUT4:in  bit; 

OUTPUKoutbit); 
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end  component; 


component  noi2 

generic  (PELAY:tinie;FANOirKint^e(;INni3ELAY:time:>  0  fis; 
VDDnt^lBMFERAlTJREnreal; 

NOR2jrABl£:ceUjvalues:>woriLtiUes.noi2_table); 
poet  (INPUTltin  Ut; 

INPUT2:in  bit; 

OUIPlTToatbit); 
end  component; 

compementno^ 

generic  (DElAY:tiine;FANOinUnt^erINTIDELAY»ime;<B  0  ft; 
VDDrr^TBMFGRAHJREneal; 

NQR3_TABLE:ceILvaIueK>woik.td>les.nor3_table); 
port  (INFUTl:in  Ut; 
lNPUT2nn  bit; 

INFUISdn  bit; 

OUlTUnoutbit); 
end  component; 

componattnoi4 

generic  G>ELAY:tinie;FANOUTintege(;lNnDELAY:time:a  0  ft; 
VDDir^lEMFERATUREaeal; 

NOR4_TABLE:ce^_vtdue8^■woric.tablesJlOl4_ftUe); 
port  (INPUTlrin  bit; 

INPUT2:in  bit; 

INPUT3:in  bit; 

INPUT4nn  bit; 

OUTFURoutbit); 

endcomponenq 

component  exor 

generic  (DELAYrtiine'J’ANOUTiintegecVDDneal; 
IBMPERATUREaeal; 

EXORjrABLE:celLvaliies:a>woric.tabies^or_talde}; 
pc»t(INFUTl:in  Ut; 

INPimdn  bit; 

OUIPURoutbit); 
end  component; 

component  dff_pedgj(bor 

generic  (QJ’ANOURintegeitC^^ANOURinteger, 

VDD:T^TBMFERATURE:ieaD; 

port  (D:inbit; 

CLKiinbit; 

RESERinbit; 

Qioutbit; 

QBAR:outbit); 
end  component; 

cmnponentiipSctr 

generic  (AJiANOURinteger;B_EANOURiiileger, 

C_FAN0irRinteger,DJFAN0irRinteger3J?AN0lJRinteger, 
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VDDmaUTEMFEEtATUREiieal); 

pO(t(CL]C:inbit; 

RST^inbit; 

A:ottd>it; 

B:outliit; 

Coufbit; 

DtoutUt; 

Roudrit); 
end  component; 

comp(mentsyn4ctr 

generic  (A^ANOUninl^er,B_FANOURint^ei; 

CJ’ANOlJT^tBger.DJPANOirrint(«ei;COJlANOUT^Iegec 

VDD:real;'IEMFERATl]RE.Teal); 

poft(CLK:inbit: 

UPiintttl; 

RS’ninbit; 

CInnbit; 

A:inoufbit; 

B:outbit; 

C:outtnt: 

D:oud>it; 

CO:outbit); 
end  component; 

component  aor 

generic  (AOJFANOirDintBger,BGLFANOirKint^er; 
CX)JANOirrint^5ei;DOJFANOUrinteger; 
VDDneal'.lEMFERATUREireal); 
poA(Al.A2:in  bit; 

Bl,B2:in  bit; 

Cl,C2:in  Ut; 

Dl,D2dn  bit; 

Kl.K2nn  bit; 

AO,  BO,  CX),  D0;oat  l»t); 
end  component; 

signal  vex::  bic>‘r; 
signal  GND:bit:« ‘O’; 

signal  I909_0,I910_0,I911_0,I912_0,I913_0:bit; 
signal  I915_0,1916_0,1917j0,1918_0:bit; 
signal  I919_O,1920_0, 1921.0, 1922_0,I923_0:bit; 
signal  1151.0, 1152_Q,  n52_QN,  1153.0, 1154_0:bit; 
signal  1155.0, 1156.0, 1157.0, 1158.0, 1159_0:bit; 
signal  I160.A,  11603. 1160.C,I160J>,I160_CO:bit; 
signal  I161.A,  1161_B,  I161.C,  I161J>.  I161_CX):bit; 
signal  I162.A,  11623, 1162.0, 1162J>,Il«2.CX):bit; 
signal  I163.Q,  I163_QN,  I164_Q,  I164.QN,  I167jO;bit; 
signal  1168.0, 1169.0, 1170.0, 1171.0, 1172_0:lHt; 
signal  1173.0, 1174.0, 1178.0, 1179.0, 1180_O:bit; 
signal  1181.0, 1182.0, 1183.0, 1184.0, 1192.0:bic 
signal  1193.0, 1195.0, 1197.0, 1198.0, 1199_0:bil; 
signal  1200.0, 1204.0, 1208.0, 1209.0,  mO.OzUt; 
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signal  I211_0.1212_0. 1213.0, 1214.0.  ms.0:bit; 
signal  I21CL0. 1217.0, 1219.0, 1220.0, 1221.0:bit; 
signal  1222LO,  1223.0, 1224.0, 1225.0, 1226.0:bit; 
signal  1227.0, 1228.0, 029.0. 032.0, 196S.O:Ut; 
signal  1962.0, 1963.0, 1964.0, 1196.0:1)11; 
signal  1966.0, 1967.0,  no.Q,  170.QN,  ni_Q:l»t; 
signal  ni.QN,  172.0, 178.Q,178.QN,194.abll; 
signal  141.0, 142LO,  143.0, 144.0, 145.0, 146.0:Wt; 
signal  147.0, 148.0, 156.0, 158.0, 162.0, 163.0:liit; 
signal  164.0, 04.0, 05.0, 06.0, 07.0, 1401.0:bit; 
signal  14J^  143, 14.C. 143, 143*bii; 
signal  15.A,  153, 15.C.  153, 
signal  16.A0, 1630, 16.C0, 1630:bit; 
signal  n.A.  n.B,  H.C,  03,  O^Wi; 
signal  161_Q,I61_QN,  177.0, 154j0:bit; 
signal  0068.0.12069.0.12070.0.0071.0:1)11; 
signal  0072.0,0073.0,12074.0.12075.0:1)11; 
signal  0076.0, 0077.0, 0067.0, 0061.0:1)11; 
signal  0062.0, 0064.0, 0065.0, 0066.0:1)11: 


fior  alkcmosjn  use  entity  wofk.cinoiLin(bd)avk)fal); 

ftr  aU:cmos.l)ad  use  enti^  wQik.cnio6.^(beh«viotal); 

for  alkouLbuff  use  entity  weskxtuUNiffCbeliaviotal); 

for  all:cmos.5vout  use  entity  wc)ikxinos.Svout(belwvia(Ul): 

for  alkinv  use  entity  wci1cinv(beiiavionll); 

for  albantO  use  entity  woduaKOCbehavianI); 

for  alkandS  use  entity  wodLandSdiehaviotal); 

for  aibnaiHO  use  entity  woiluiand2(beliaviQial); 

for  a]l:nand3  use  entity  woriuiandSCbehavioial); 

for  alLnaiuM  use  entity  woriuiand4(behavioal); 

for  alknoO  use  entity  woikjiof2(behavioraD: 

for  all:noc3  use  entity  w{]riuK]f3(beliavioral); 

for  atU:noi4  use  entity  warkjioi4(behavioral); 

for  alltexor  use  entity  woriuettorOiehavionO; 

for  aIl:(l£F_pedgjti>ar  use  entity  wockj]fiLpedg3>ai(stiuct); 

for  alLupSctr  use  entity  woric.up5cti(stnict); 

for  all:syn4ctr  use  entity  wo(k,syn4ctr(stnict); 

for  alkaor  use  entity  woilLaor(struct); 
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1923:  cmos.in 

generic  nug>  (DELAY>»  1  ns.  FAN0UTa»3.  VDDi«>VDD. 

TBMPERArURE->TEMPERATURE) 
pnt  map  (FRCTR,  1923.0); 

1922:  cmos.in 

generic  iiug»  (DELAYao  1  ns.  FAN0UT»8.  VDD«>VDD. 

TEMFERATUKEiO-IEMFERATURB) 
port  nug>  (DIR,  1922.0); 
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1921:  cinos_in 

generic  map  (DELAYS  1  ns.  FAN0Ur->2.  VDD->VDD. 

TEMFERArURE«c>>lEMFER>ai)SE) 
port  map  (EXDISN,  1921.0); 

1917:  cmos.in 

generic  map  (DELAY»  1  ib.FAN0UT->2,  VD1»VDD. 

1EMPERArUREii>TEMPERAnJR£) 
port  mqp  (CRSE,  1917.0); 

1918:  cmos_in 

generic  map  (IM^AYao  1  ns,  FANOUl^l,  VDD^VDD, 
TBMFERArURB>>TEMPERAIl)RE) 
port  map  (HOME,  1918.0); 

1919;  cfflo^in 

generic  m^p  (DELAY»  1  iis.FANOUT»2,  VDIK>VI>D. 

TBMFERArURE«>TEMPERAIIJRE) 
port  map  (EXEC.  1919.0); 

1920:  cmos_]n 

generic  map  (DELAY»>  1  k.  FANOUT»2.  VDl>i>VDD. 

TEMECRATUREiOTEMFGRATUBE) 
port  nu^  (SEIDIR,  1920.0); 

1916:  cmos.in 

generic  map  (DELAYio  1  ns.  FAN0UT«>1,  VDD»*>VDD. 

lEMFERArUR&i>TSMFERArURE) 
port  map  (RUEGFF,  1916.0); 

1909:  cmo8_in 

generic  nap  (DELAYa>  1  ns,  FANOink>3,  VDIVi>VDD, 
lEMPERArURE«>TEMFERAlURE) 
port  map  (PULSEI,  1909.0); 

1910:  cnios_in 

generic  map  (DELAYb>  1  ns,FANOUT>>l,  VDDb>VDD, 
TBMPERATUREiOTEMPERAnjRE) 
port  m^)  (MODSAMFN.  1910.0); 

1911:  cmosjn 

generic  map  (DELAYa>  1  ns,FANOUTa>2,  VDI>ii>VDD, 
lEMFERATUREiO'IEMPERAIURE) 
port  map  (LCMD,  1911.0); 

1912:  cmos.in 

generic  map  (DELAYao  1  ns,  FANOUTv>2,  VDDa>yDD. 

TEMPERArURE»'IEMFERAlURE) 
port  nuy)  (ENPCm,  1912.0); 

1913:  cmos.in 

generic  map  (DELAYa>  1  ns,  FANOUFb>2,  VDI>ii>VDD, 
lEMPERATUREaolEMFERAIORB) 
port  m^)  (ENPSIO,  1913.0); 
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I91S:  cmosLin 

generic  map  (DEUXto- 1  ns,  FAN0UIW>1,  VDD^VDD, 
TEMPBRAraSE->TEMFERArURE) 
port  (FINE,  191SjO); 

1151:  inv 

generic  map  (DELAYa>  1  ns.  FAN0UT«>1,  VDIV>VDD, 
lEMICRArU8E>>‘mMPERAmRE) 
pen  (I919_0.  IlSljO); 

IlSZ*  dCLpnlgjrtMff 

generic  map  (QJPANQUFol,  (^_FANOUri»l,  VD1>^VDD, 

lEMPBRATURE-c^lEMFERATUItE) 

port  map  aiSZ.QN.  I919_0, 1918_0. 1152LQ.  I15i_QN); 

1153:  nos3 

generic  map  (DELAYa»  1  ns,  FANOUTaol,  VDD^VDD, 
lEMPBRATURE-^lBMFERAnJRE) 
port  map  (I921_0. 1209_O.  I156_0,I153j0); 

1154:  norS 

generic  map  (DELAYac»  i  ns,FANOTrPB>Z  VDIV>VDD, 
TBMPSRAnJRE-^TEMPERATURE) 
port  map  ai57_0. 1209j0. 1921_0. 1154jO); 

1155:  inv 

generic  map  (DELAYa>  1  ns,  FANOUTaol,  VDI>o>VDD, 
IEMPERAri]RE->TEMPERArURE) 
port  map  (1918_0,I155j0); 

1156:  exor 

generic  map  (DELAYa»  1  ns.  FANOirrK>13,  VDI>->VDD, 
lEMFERATUKEiO’TEMFERArURE) 
port  map  aiS2LQ.  I916jO,  I156_0); 

1157:  inv 

generic  map  (DELAY-o  1  ns,  FANOUTs>9,  VDD^VDD, 
lEMraRAIXJR&<>1EMFERATURE) 
port  map  ai5«LO,  I157_0); 

1158:  nand2 

generic  map  (DELAYao  1  ns,  FANOUTb>1.  VD1V>VDD, 
lEMPBRATUR&olEMPERAnjRE) 
port  map  (I920_0, 1157JO,  I158_0); 

1159:  nand2 

generic  mip  (DELAYi^  1  ns.  FANOUTs>l,  VDD*>VDD, 
lEMHBRArURE<<>TEMPERATURE) 
port  map  ai56_0, 1920j0, 1159JO); 

I160:syn4ctr 

generic  map  (AJRAN0UT->5.  B JFANOUT=>Z  C,FANOUTao5. 
DJiANOUT»>l,  CX) JJANOUT^.!,  VDDa>VDD, 
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TBMPEI0m}RE->1EMPERArURE) 
port  map  ai53_0, 1923LO.  1923.0,  VOC, 
I160.A,  I160.B.  IltiO_C,  I160J>.  1160.00); 


1161:  syii4ctr 

generic  iiii|>  (AJPAN0inw>6,  B^ANOUIk>S.  C.PAN0UT«>3, 
DJRAN0l}T->2.  CO.FANOUT«>1.  VDD«>VDD, 
lEMFERArURBii>lEMPERArUR£) 
port  map  ai54.0. 192^0, 1923.0,  VCC, 

I161.A,  I161JB.  n61.C  I161.D.  I161_00); 

I162:^n4ctr 

generic  map  (AJ>AN0UT»3,  B J^AN0UT»3.  CJ^AN0l]T->3, 
DJ'AN0UT->1,  COJ>ANOUr«ol.  VDD->VDD, 
'nMICRAnjKE->m<FSRArURE) 
port  map  aiS4_0. 1922.0, 1923.0, 1161.00, 

I16?.A,  I162_B,  1162.0, 1162LD,  I16?.00); 

1163:  <]£Lpedg_ibar 

generic  ini«>  (QJ>AN0UT»1,  QNJ:AN0UT«>1,  VDD»VDD, 

1EMPERAIUREi<>TEMPERArURE} 

port  map  (I922_0. 1158.0,  VCC,  I163.Q,  I163.  .(?^); 

1164:  dfiLpedg_rt»ar 

generic  nup  (Q_FANOXnw>l,  <»LFAN0UT«>1,  VD1>->VDD, 

lEMFERATURB«>TBMPERArURE) 

port  map  0922.0, 1159.0,  VOC,  I164.Q,  H64.QN); 

1167:  nor3 

generic  map  (DELAYa>  1  ns,  FAN0UTb>1,  VDI^VDD, 
TEMFERATUREi^'IEMPERATURE) 
port  map  0160-A.  n60.B,  I160_C,  1167.0); 

I168:naiid2 

generic  nup  1  ns,  FANOin'K>l,  VDI^VDD, 

lEMPERArURE><>1EMPERAIlJRE) 
port  map  0161_B,  I161.A,  1168.0); 

I169:nan(12 

generic  map  O^ELAYo  1  ns,  FAN0UTac»l,  VDIV>VDiD, 
TEMPERATUBE-cxTEMFERArURE) 
port  map  ai61_D.  U61JC,  1169.0); 

1170:  exor 

generic  map  ODELAY«>  1  ns,  FAN0UT»>1,  VDI»VDD, 
lEMreRATURE-c^TCMPERATURE) 
port  map  0922.0, 1163_Q,  1170.0); 

1171:  exor 

generic  map  07ELAY»>  1  ns,  FANOUT^l,  VDI^VDD, 
TEMFERArURE>>TEMP£RATURE) 
port  map  0922LO,  I164_Q,  1171.0); 


as 


1172:  inv 

generic  mip  (ISLAY*^  1  ns,FANOUT>>i,  VDD^VDD, 
imflERAnjRE«>TSMPERATURB) 
poet  map  (I167_0,  n72jO); 

1173:  noe2 

generic  imp  (DELAY»  1  ns.FANOUTW>l.  yDIK>VDD. 

lEMFERArURB«>7EMPERXnJRE) 
poet  map  ai69.0. 1168.0. 1173.0); 

1174:  nand3 

generic  map  (DELAYaj>  1  ns,FANOUT^l,  VDD^VDD, 
lEMFERAn]RE<o1EMPERAnjRE) 
poet  map  aiC^C.  I162LB.  I162_A.  1174.0); 

1178:  inv 

generic  map  (DELAYaO  1  ns,FANOUr«>l.  VD1V>VDD. 

lBMFERArUREa(>1EMFQRArURB) 
port  map  (I173_0. 1178.0); 

1182:  noc2 

generic  nup  (DELAYi^  1  ns,FANOUTB>l,  VD1>>VDD. 

lEMPBRATURE-CaTBMPGRAnjRE) 
port  map  an4.0, 1178.0. 1182.0); 

12068:  outjbaff 

generic  map  (DELAYa«>  1  ns.FANOUTol.  VDI>»VDD. 

IBMPERATURB^TCMPERArURE) 
port  nug)  (I163LA.  12068.0); 

12141:  cmos_pad 

generic  map  (DELAYi^  1  ns.FANOUT«>l,  yDIV>VDD. 

lEMFERAnjRE«>TEMPERATUKE) 
port  nu«i  (12068.0,  RRBUS(S)); 

12069:  ouLbuff 

generic  map  (DELAYic>  1  ns,  FANOUT»l.  VDDb>VDD, 
TEMFERAnJRE->IEMPERA70R£) 
port  nuQ)  (1162_B,  12069.0); 

1900:  emosjpad 

generic  map  (DELAY->  1  ns,  FANOUT»l,  VDD«>VDD, 
TEMFERArUREO'lEMPERATORE) 
port  mi^  (12069.0,  RRfiUS(6)); 

12070:  ouLbuff 

generic  m^)  (DELAYi^  1  ns.  FANOinV>l,  YDD^YDD, 
TEMF!ERAnjRE>»lEMPERATURE) 
port  map  ai62_C,  12070.0); 

1899:  cmosjHri 

generic  map  (pSLAXa>  1  ns,  FANOirT«>l,  VDI>>VDD, 
lEMFERArURE->'mMPERATUR£) 
port  map  (12070.0,  RSBUS(7)); 
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12071:  oucbufF 

generic  nup  (DBLAY>»  1  iis,BANOUT^I,  VDD^VDD. 

lBMPERArURE->1BMPERAIURB) 
poet  map  ai6LA,  12071jO}; 

1902:  croosjNKl 

generic  nupCDBLAYifr  1  ns,FANOUT»l.  VDD->VDD, 
TEMPERArURE^IBMPERATURE) 
poft  map  (12071_O,  RRBUS(l)): 

12072:  ouLbuff 

generic  imp  (DELAYa>  1  ns.FANOUTaol.  VDD^VDD, 
TEMPER^m)REiO>mffSRAnjR£) 
poet  map  (I161JS.  I2072_O): 

1903:  emosLped 

generic  map  (DELAYa>  1  ns.  FANOUTai>l,  VDDb>VDD. 

IEMFGElArURE»>'IEMFERATURE} 
port  map  (I2072j0,  RRfiUSQ)); 

12073:  OttL.buff 

generic  map  (DELAYio  1  ns,FANOUTa»l,  VDDioVDD, 
lEMFERArUBE«>‘nBMFERAnjRE) 
port  inig>  (I161jC.  j(2a73_0); 

1904:  CHIOS jwd 

generic  Toap  (DELAYa>  1  ns,  FANOUT«>l,  VDD->VDD, 
IFMPm/mJRE-^lEMPERAnjRE) 
port  nup  (I2073_O,  RRBUS(3)): 

12074:  ouubuff 

generic  map  (IMELAY«>  1  ns,  FANOUTa>>l,  VDDioVPD. 

TEMFERArURE^lCMPERAnjRE) 
port  imp  (I161_D,  I2074_O): 

I90S:  cmos_pad 

£eneric  map  (DELAY>c>  1  ns,  FANOUr>>l,  'Vm>ii>yDD. 

lEMFEIlArUBE-^TEMFERAnjRE) 
port  tnqi  02074 JO,  RRBUS(4)); 

I207S:  oaUwff 

generic  map  (DELAY>o  1  ns,  FANOUTb>1,  VDl>s>yDD, 
TBMF&RArUREiC>TEMFERAnjRE) 
port  map  (I16QLA.  I207S_O); 

1906:  CHIOS  jped 

generic  map  CDELAYiO  1  ns,  FANOUTaC*!,  VD1>»VDD, 
TEMICRArUREioTEMFERAnjRE) 
port  map  02015  JO,  FRBUS(l)): 

12076:  oat_buff 

generic  map  (DELAYa^  1  ns,  FAN01JT»>1,  VDDao>VDD, 
TEMPERATUREac^TEMPERAIlJRE) 
port  map  ai60_B,  12076.0); 
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1907:  cino6_pad 

generic  map  (DELAYa>  1  ns,FANOUTa>l.  VDDiO^VDD, 
lEMFERATUREiolEMFERArURE) 
port  nuv  02076.0,  FRBUSQ)); 

12077:  ouUwff 

generic  imp  0>ELAY->  1  iis.FANOUr»>l.  VDI>»VDD, 
TEMFERATURE^TEMFCRArURE) 
port  map  ai«LC,  I2077_O); 

I908:cmo6jad 

generic  map  (DELAY«>  1  iis,FANOin'^l,  VDD^VDD, 
TEMPERATURE-olEMFERATURE) 
port  map  02077.0,  FKBUS(3)); 

1192:  inv 

generic  map  (PELAX">  1  ns,  FANOUTi^l,  VDD^VDD, 
TEMPBRATUREoTEMPERATURE) 
port  map  0160JV,  1192.0); 

1195:  nandl 

generic  imp  (DELAY»  1  ns,  FANOUT-ol,  VD1>»VDD, 
‘mMFBRATUR&olEMPERASORE) 
port  map  0192.0, 1160jC,  1195.0); 


I200:nand2 

generic  mq>  (DELAY»  1  ns,  FAN0UT«>1,  VPD»VDP, 
TEMPERArURE>o>*nBMPERA'niRE) 
port  map  0195.0, 1160_C,  EOO.O); 

1208:  and3 

generic  map  (PELAXm>  1  ns,  FANOUF^l,  VDDb>VDD, 
TEMPERATURE-olEMPERAlORE) 
port  map  0200.0, 11603. 1157.0,  EOS.O); 

12067:  ouLbuff 

generic  map  (DELAYa>  1  ns,  FANOUTb>1,  VDD^VDD, 
IBMFERArUR&olEMFERATURE) 
port  map  0206.0, 12067.0); 

1895:  diKMLpail 

genetic  map  0?ELAY«>  1  ns,  FAN0UrB>l,  VDD»VDD, 
'mMFGRArURE»TEMPERAn}RE) 
port  map  02067.0,  PHSEN); 


I198:nand2 

generic  imp  0>ELAY»  1  ns,  FANOUT»l,  VDD^VDD, 
TBMPbRArURE>c»TEMPERArURE) 
port  map  (GND,  11603. 1198.0); 

1197:  nandS 

generic  imp  0>ELAY«>  1  ns,  FANOinw>l,  VPIV>VDD, 
lEMPERArURE->TEMFERATURE) 
port  map  01603. 11603. 1160.C,  1197.0); 


SI 


1204:  and2 

generic  inq>  (DELAY>o  1  ns,  FANOUTa>l,  VDI>->VDD, 
TCMFERArUREic>1EMPERAFURE) 
porting)  (I198_0,  n97_0, 1204_O); 

1962:  cinos_iin 

generic  map  (DELAY>t>  1  ns.  FANOUr«>l.  VDl>i>VDD, 
lEMFERArURSao-lEMFERATURfi) 
poet  m^p  (BNBUS(2),  1962jO); 

1963:cinosJn 

generic  map  (ESLAY»  1  iia.FANOUTa>l.  VDD»VDD. 

lEMFERATURE^lEMPERAIURE) 
poet  map  (BNBUS(3).  1963.0); 

1964:  cinoa_in 

generic  map  (I«LAY»  1  iis.PANOtlTiol.  VDD->VDD, 
TEMFERArURE->TEMPERArURE) 
pen  map  (BNBUS(l).  1964.0); 

I96S:inv 

generic  map  (IKLAY^  1  iic.FANOUT»l.  VDD->VDD. 

TEMICRArUREac>TBMPERArURE) 
poet  map  (1964.0, 196S_0); 

1966:  inv 

generic  map  (DELAY«c»  1  ns.FANOUT*>l,  VDI>»VDD, 
TEMFERATUREiOlEMPERATURE) 
port  mq>  (1963.0, 1966.0); 

1967:  inv 

generic  map  (DELAY«>  1  ns,  FAN0UT»1.  VDD->VDD, 
TEMFERArURE-(>TEMFERArURE) 
port  mqi  (1962.0, 1967_0); 

1210:nand3 

generic  map  (DELAYic»  1  ns.  FANOl}1>>l,  VDD^VDD, 
TEMPERArURE->'IEMPERArURE) 
port  nup  ai61_A,  11613. 1967.0, 1210.0); 

I211:nand2 

generic  map  (DELAY>>  1  ns,  FANOUTol,  VDl>i>VDD, 
TBMPERAIl}RE->'lEMPERArilRE) 
port  miv  (1161_A,  1966.0, 1211.0); 

I212:nand4 

generic  map  (DELAY«>  1  ns,  FANOUT«>l,  VD1>b>VDD. 

TEMFERAnjRE«>TEMFERATURE) 
port  map  (1965.0, 11613, 1161.C.  11613, 1212_0); 

I213:nand3 

generic  map  (DELAYi^  1  ns,FANOUTii>l,  VDDi^VDD, 
TEMFERATUREiOlEMPERAnJRE) 
port  map  0212.0, 1211.0,  OIO.0, 1213.0); 


1214:  noi2 

generic  map  (IMJiYo  1  ll■.FA^ICX^te>l.  V]M)^VIX>. 

TBMPBRArUREi<>1SMPERAn]RE) 
poet  map  (I183LO,  I213jO,  I214jO); 

121S:  110(3 

generic  map  (DELAYao  1  m.FAMCXmi>l.  VDD->VDD. 

lBMPBRArURBii>1BMFSRAnJR^ 
pott  Mp  ai61.C.  11613. 11613.  QlSjO); 

1216:  mK 

geMifciMpCISLAY^  1  ■a.FANOimo*!.  VDD>»VDD. 

miFBRArUltB«>1EMPERAIURE) 
poR  map  ai62LC.  116!^.  11623 1161J>.  I216LO): 

1217:  mmd2 

generic  mip<EBLAYa»  1  M.FANCXn^l.  VDI>iO.VDD. 

TEMFBRimjR&«>1EMnKAlUitE) 
poft  map  0216.0.  BlSjO.  1217.0); 

m9:iav 

generii^mv  (DELAYS  1  M.FAN0UTb>2.  VDDi«>VDD. 

TEMnRAniIffi«>TEMFERAIlJRE) 
pc(t  map  0922.0, 1219.0); 

1220:  na(3 

genetic  map  0)BLAy«>  1  ns.  FAN0UT»1.  VDD->VDD. 

1EMPERAnJRE->lEMICR>mXRE) 
pan  map  0219.0. 1214jO.  148.0. 1220.0); 

1221:  na(3 

generic  map  0%LAY»  1  ns.  FAN0UT»1,  VDl>i>VDD. 

lEMPBRAniREac>lEMPERA‘nJRE) 
port  0219.0, 148.0, 1204_0, 1221.0); 

I222:iian<t2 

generic  mq:  0?ELAYs>  1  ns,  FANOinVol,  VDDs>VDD, 
TEMPERArUItE<>lEMFERAnJRE) 
port  map  0220.0, 1156.0, 1222.0); 

I223:nand2 

generic  map  O^ELAYio  1  ns.  FAN0UT>>1,  VDIV>VDD, 
TCMPERArURE->TEMFERAn}RE) 
port  map  0221.0. 1157.0, 1223.0); 

1224:  n:«2 

generic  map O^LAY^  1  ns,FANOUTB>l,  VDI>b>VDD, 
TEMPERAlT]RE->1EMPERAnJRE) 
port  map  0217.0, 1157.0, 1224.0); 

mS:  noe2 

generic  map  0^LAYa>  1  nB,FANOUTi«>l,  VDDi^VDD, 
1EMPBRAn)RE«>TEMFERATURB) 
port  IMP  01S6.O.  I172_0. 1225.0); 


n 


nOK-  nmt/t7 

fBMtic  IMP  (DELAY-o  1  M,FAI«Xnw>.l.  VDD->VDD. 

IBMPBRArunt^lBMreRAIlJRE) 
port  IMP  (BZLO.  023.0. 026.0); 

027:  Mi2 

•MOriCMpCDSLAY^  1  m.BAI«0U1W>1.  VDD-frVDD. 

TBMnRAnJMM>TBMFBRAnJRB) 
port  Mp  (024.0. 02S_0. 027.0); 

028:  MiS 

portir  ■^i(WLAY*>  1  k.FANQU1W>1.  VDD->VDD. 

minikAnntBoTEMFBRAIURB) 
port  Mp  (B2aL0. 148.0. 027.0. 028.0); 

029:  mO 

fMiik  Mp  (EOJOr-^  1  H.lVU«Oinw>l.  VDDiO>Vl)D. 

mffBRiaUilBM>1BIIPBRAniSB) 
port  Mp  (D28jO.  026.0. 029.0); 

032:  iM 

p«wirii^(DBLAy«<>  1  mBANOUI^I.  VDD->VDD, 
TBMraiUnjREii^lEMnRAIURE} 
port  BM9  0917.0. 032.0); 

D062:(MLb«ff 

peMric  MP  (DaAY-<^  1 M.  iVtf«0(nw>l.  VDIWVDO. 

lEMnRATURBioTBMnBRArUKQ 
port  IMP  aiS6_0. 0062.0); 

093:  cmoojMl 

fCMik  mv  (DOAY-o  1  M.FANOUT0I.  VDDm>VDD. 

1BMFERAIURE«>>1EMPBRArUKE) 
port  IMP  (0062.0.  RLEO); 

0061:ouU)iiff 

generic  iMp  (raLAYa>  1  M.FANOinWo»l,VK)M>VDD. 

TEMFERATUREiOlEMFERArURE) 
port  map  0229.0. 0061.0); 

1894:  cmos jMd 

generic  map  (I^LAY>»  1  M.FANOin^l.yDEN»VDD, 
TEMPERArUREolEMPERArURE) 
port  map  (0061.0.  LLIMN); 

1179:  naiKO 

generic  map  (DELAYio  1  ns,  FANOUTb>2,  VDI^VDD, 
TEMFERATUREiOTEMFERAIXJRE) 
port  map  0170.0. 1157_0. 1179.0); 

I180:nand2 

generic  map  (ISLAYaO  1  n8.FANOirra>2.  VDIV>VDD. 

lEMFERArURE->IEMPERAlURE) 
port  map  01S6_0. 1171.0.  IISO.OX 
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1181:  imr 

generic  map  (ISLAY-c»  1  ns.  FA^K)U]^o-l,  VDD^VDD, 
ISMFSRAIUREioTEMPERArURE) 
port  map  (1‘^SjO,  I181_0); 

1183:  nai2 

generic  map  (raLAY->  1  ns,FANOUTk>l.  VDD^VDD, 
lEMFERATURBi^TEMPERArURE) 
port  onp  (1184.0, 171_Q,  I183_0): 

1184:  noi3 

generic  map  (KLAYa>  1  nc.  FANOOTi^S,  VDD->VDD. 

ISMFBRAllJRB^IEMFERArURE) 
port  map  (1917.0. 1181.0, 1183.0, 1184.0); 

I193:naad2 

generic  amp  (DOAYiO  1  ns.  FANOUT>i>>l,  VDD->V1»>. 

TBMFBiUlIXJRSaolSMFERATURE) 
port  amp  ai80.0. 1179.0, 1193jOX 

1196:  nai2 

generic  Beap(DeLAY-i>  1  M.FAN0in^2.  VD1>«>VDD. 

TBMI«RArUltBiO>1SMFBtAnjRE> 
port  map  ai99.0, 1193.0, 1196.0X 

1199:  mmC 

generic  map  (l]ELA]r«>  1  ■•,FANQUT«>2,  VDDmoVDD, 
TEMPBRAniltE>o>1EMFGltAnjRE) 
port  wtp  (IlSS.0, 1184.0, 1199.0X 


I209:nand2 

generic  aeep  (DeLAY->  1  m,FAN0UTW.3,  Vn>»VDD, 
TEMFEItAJURBi^lEMFBRAIlIlgE) 
port  map  ai99.0, 1911.0, 1209.0); 


194:  inv 

generic  map  (l]eLAY«>  1  ne,FAN0(7FiO>i.  vn>»vn>, 
lEMPERATUREi^IEMPERArUKE) 
port  map  (1909.0, 194.0); 


178:  (illtjiedg_|bor 

generic  map  (QJ>AN0imi>2.  QNJVtflOinWl,  VD1>^VDD. 
1EMF6RArUREii>'ISMFBRAIURE) 


port  map  (VCC,  94.0, 1910_O.  ITSjQ,  178.(94); 


I41:nor3 

generic  map  (IXLAY-^  1  iis,FANOUIW>i.  VDD«>VN>. 

TEMFERAIURB^IEMFERAnAlE) 
port  map  ai36.0, 1196.0, 178_Q,  141.0); 

I44:naiM!3 

generic  map  (DELAYa>  1  nB,FANOUTW>l.  VIHl^VDD, 
TJMPEIl/aUREio>TSMFERArURE) 
port  map  ai57.0, 1179.0, 1912.0, 144.0); 


ts 


I42:nof3 

generic  nup  (DELAYa>  1  nt,FANOUT^l,  VDI>o>VDD, 
TBMPERArURE->TEMPERArURE) 
poet  map  aiSTjO.  1196.0, 17g_Q.  U^O); 

I43:nind3 

generic  map  (IffiLAYa^  1  at,  FANOtn^l.  VN>o>VDD. 

IEMPBRAn7JtE>c»lBMFBRArURB) 
pan  map  aiS6_0.  L912jO.  1180.0, 143.0); 

I4;upSctr 

generic  map  (A^AMXJT^l,  B_FANCIOT»1.  C_FAN0inw>l. 

D JM«3U1W>1.  B_FANOimi>l,  VDD»VDD. 
1EMFBRAIURBao>TEKIFfBOIlUKE) 
poet  map  044.0,  MljO,  M 143.  M.C  143.  M JB); 

IS:(g>Sc(r 

generic  map  (AJ>AN(XJT^1.  B JV1N0UT->1,  C_FANC)inw>l. 

DJFANCUI^l,  BJVlNQUI^l,  VDD»VDD, 
lEMFSRASURBaolBMFBRArURE) 
poet  map  043.0, 142.0,  ISJC  tS3.  IS.C,  IS3.  IS3); 

I4S:noc2 

geneeiemapOSBLAY^  1  bb,FANQUIW>1.  VDD^VDD, 
TBMRBRXrUBBiii^lEMFBRArURB) 
poetinap043ISJB,I45.0); 


I6:aoe 

generic  anv  (A0JM«0CT->3,  BOJMNOUTi»3. 
a)_FAN0UT>»3,  DOJViNOUT^3, 

VIX>oVIK>,  ISMTSBAITA^IEMPBRAIU^ 
poet  map  043. 03 143, 153 14.C,  O.C,  M3. 153. 
1157.0, 1156.0,  KLAO. 1630,  KjOO, 1630); 

I72:iiaml2 

generic  mep  (DBLAY^  1  aa.  FANOUI^l,  VDDiO>VDD, 
IBMPERATUltEi^'IBMPBRAIUXB) 
poet  map  0184.0,  ni.Q,  172.0); 

I70:dflLpedg_riiv 

fMeric  aav  (QJ>AN(XJh>2,  qM3AN0t7ni>l,  VDO^VDD, 
IBMPERAIlJUiOlBMPBlUam) 
poet  map  (VOC,  009.0, 172_0, 170_Q,  I70.QN); 


F71:  iWfjjMli  itnf 

generic  m^  (Q3ANOUIbo.2,  QN3ANQUriP>l,  VDDoVDD, 
TBMmtAIUREiO'lBimRAnJBS) 


poet  map  070.Q,  1151.0, 170.Q,  I71.Q,  nijQMic 


IS4:Band4 

generic  mop  036LAY->  1  aa,FAN0U1W>l.  VDD«>VDD, 
IBMIOtAraBBiOlBMniUaURE) 
poet  map 0630, 16.B0,  K.OO,  K30,  IS4.0); 


M 


I46;ikx4 

generic  nup  (DELAYa>  1  ni,FAN0UTtf>2,  VnD«>VDD, 
mffBRAIX)RE«>'lBMPERAn)RB) 
port  nmp  aS-AO,  16^,  I6uC0. 16JD0,  M6_0); 


163;  inv 

generic  map  (DGLAYa>  1  nB,FANOUTi»l.  VDD^VDD, 
miPERArUKB->1BMFBRAIURS) 
port  map  (I913_0,  K3jO); 

I64:nand2 

generic  map  (DELAY«»  1  iia.FANOUT«>2,  VDD«>VDD, 
TBMFERAITJRBi^lEMreRArURB) 
port  map  (I233LO.  1S4.0,  K4_0); 


162:  name 

generic  m9(raLAYa»  1  MiFANOUI^l.  VDD«>VDD, 
nMFBRArUltB>e.TSMnRAIURB) 
port  map  (163jO,  IiS6jO.  USLO): 


Mrinv 

generic  BMP  (DaAY«>  1  m.FAN0U1W>3.  VI»>iO>VCD, 
TBMF6IUtVRB->1SMPBRAn]RB) 
port  map  (KfjO,  MSjO); 


ZS6:lnv 

generic  map  (DBLAYa^  1  M,FAIIOiinwc>l,  VlX)iO>VlX>. 

1BliaVRAnjRBi<>TEl«B6mJM 
port  map  (M6jO,  lS6jO); 

I77:nand4 

generic  map (DRLAY«>  1  emFANOUl^l.  VDDm^VDD. 

1ElilFBItAIURBic>TBMFatAnnB) 
port  map  (1909LO.  1S6LO,  I1S6.0.  KljQ^.  m.O); 

I47:MniM 

generic  map  (DeLAY»  1  ■a.RANOUl^l,  VDOkoVDD, 
nMFBRAIUItBrt>m«PBRAnJilB) 
poet  map  (KljQN,  IlS6jO.  B09_O.  M6jO.  WJ}y, 


IS8:nand3 

generic  map  (DELAYio  1  ■a.FANOinte>2.  VDDwVDD. 

TEMrERAnntBioTBMniLmj^ 
port  map  (I62JO,  177.0.  OlSjO.  138.0); 


161:  dflLPrt%jriar 

generic  map  (QJPANOimol.  QN_FANOlJr»^  VDDiOVDD. 

TBMPSRAZURE^'IBMPBIbmjRE) 

port  OMp  (HjC.  1911.0.  MOljO.  161_Q. 

UOliim 

generic  map  (I»LAY«>  1  ■a.FANOUI^l.  VK}m>VDD. 

TEMPSRATURB^IBMPBR/TURE) 
port  map  038.0,  M01.0): 
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r7:iq>Sclr 

eeneric  map  (AJPANOUrM>l,  B JV^NOtn^l.  CJMNOUT^l. 
D.FANOUT->l.EJ>ANOUri»l.VDI>oVDD. 
miFBRimjREio'mMFERAnJRB) 
port  1119  (147 jO,  I58JO,  n JB,  I7_C,  I7JD,  17_p); 

I24:mnd2 

generic  map  (D6LAYa»  1  M.PANQIUT0I,  VDIWVDD, 
TEMPERATURB^IEMFERAIURE) 
port  map  0913JO,  I6JD0, 124jO): 

I2S:nand2 

generic  map  (EffiLAYaO  1  m.PANOUT>>i.  VDD->VDD. 

lBMPERArUBE«(>TEMFERAn]RE) 
port  iiuv  (I913_0. 16_O0.  DSjO): 

Q6: 

generic  map  (D&LAYa»  1  at.  FAN(Xnw>i,  vra>ii>vn>, 
TEMPBRAHJRBi^lSMPSRiaURB) 
port  map  (ni3jO.  126.0): 

I27:nHMl2 

generic  map  (DELAYS*  1  na,  PANOUI^l.  VDDoVDD. 

TBMIVIUaURE«>miFSI(AnJRE) 
port  mep  (1913.0.  l6>0.D7.O); 

12064:  ouLbnff 

generic  (DBLAYx^  1  M.FANOinw«>l.  V1IDm>VDD, 
TEMniRAIVRB>o>1EMnRA^^ 
port  IMP  (TTOJQN. 0064.0); 

1890:  cmoaLped 

geawric  map  (DELAYS  1  aAlVtf«OLTii»l.  VDX>oVDD. 

lEl^mtArUiaSi^lEMFBIlAIURE) 
port  BMP  (0064 .0,  KSTSW); 

1206S:o>LMr 

generic  map  (DBLAYae»  1  M,FANO(n^l.VDDoVDD, 
iBMnoiAniHaafriBMFEBAnm) 
port  map  (164.0, 0065.0); 

1891:  cmoaLped 

generic  map  (DELAYi»  1  M.FANOUIV0I.  VDD«>VDD, 
TBMPBRAlURE«<>1BMPatAnJRE) 
port  map  (0065.0.  FMXX); 

0066:  oo^Jbiiff 

generic  map  (DELAYk^  1  M,PANOin^l.VDDH>yDD. 

TSMFBIlArURB«o>TBMFBRAnJi^ 
port  map  (161JQ.  0066.0); 

1892:  cmoaLpad 

generic  aBap(PELAY«>  1  nB,FAN0in>^l,  VIXWVIB), 
TEMFBRAnjREN>lEMPERArURE) 
port  map  (0066.0.  SENS); 


N 


1884:  cmoeJSvoitt 

generic  imp  dDBUX^  1  m.FANOU1W>l.  VIM>i»>VDD, 
TEMPERAITJR&oTEMPERAnjKB) 
poR  map  (I24jO,  PSUIO,  P8N): 

I88S:  cmoOvout 

generic  emp  (jDBUXm^  1  m,  FANOUIWol.  VDD»VDD, 
miFERAIURBi<>TBMFERATURE) 
poet  map  (12Sj0,P3U10,  P4N): 


1886:  onoOvout 

geneilciiup(DBLAY»  1  m,EAMOUTW>1.  VDI>ii>VDD. 

TBMFCIlATURBiii>TBMRBRArURB) 
poet  map  (CUjO.  PSUIO,  P2N): 

I887:cinotLSvoiit 

generic  map  (DBLAYiO  1  iis,PANOUTk>l,  VUI>c»VDD. 

lIBMFERAnjRBa^lSMFERArURB) 
poet  mi4>  QZIJ},  P5U10,  PIN); 


endatnict; 


oseworiuiblesmll: 

use  wQric.gem^oonstantsJdl:  I 

usewQik.gem_delaysjll;  I 


-  File  which  contains  the  opoaling  voltage  ndtenqxntun 

-  parameteR  which  die  CHP131  chip  is  aimulaied  at  Iheae 

-  paiameteis  an  passed  to  the  CHP131.vhdfik  during  shnriaiion 

-  via  the  generic  statements. 


entity  chpl3  lamod  is 


poet  (PRCTKiinbit; 

DIRiinhit; 

EXDISN:inhit: 

QtSBdnbit; 

HOMEtinUt; 

EXEC:inbic 

SETDIRtinUt; 

SLEQFFdnhit; 

FULSEIanbit: 

MODSAMPN:inbit; 

LCMRinbit; 

ENPClKiinbit; 

ENPSIO:lnhit; 

PSUKhinbit; 

FINBtinbit; 

BNBUS:ihbiLveGtai<3  downto  1); 
LLlMN:oiithit; 

RLBQ:oulliit; 
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RSTSWwoltitt; 

PMRXMMittit; 

SBNSwuAit; 

PSNKMlbit; 

HRoutbit; 

P2NMMMUt; 

PlNxMillilt; 

RRBUSiouOiiCvecinC?  downio  1); 
PKBUS:ooibitjveetoi<3  downto  1); 
PHSBNwttIbiD; 

cnddqtlSlamod: 


■dihectun  chplSU  afdqilSlunod  is 
component  chplSla 

generic  CIEMFERATURBaMl;  VDDaeal); 

portCPRCntihbit; 

DOtiinbit: 

BXDISN:inUt; 

OtSBdnbit; 

HOM&inbit; 

EXBC:inUt; 

SElDIRrinUt; 

RLBOFFdnbit; 

PULSfiI:inbh: 

MOI>SAMFN:inbit; 

LCMDdnldt; 

BNPCnLinbit; 

ENPSIO:inlHq 

PSUlOOnbit; 

FINE:inUt; 

BNBUS:inbiLvecta((3  downto  1); 
LLIMN:oinjbit; 

RLEG:ovd)iit; 

RSTSW:outtiit; 

PMRXxNitbit; 

SENS;outbit; 

PSNxNiddt; 

P4N:oiiibil; 

P2N:oiid>it; 

PlNtoulbit; 

RRBUS:outbit_v«ctoc(7  downto  1): 
PRBUS:oad>it_vecto((3  downto  1); 
PHSEK:oud>it); 
end  component; 

for  all:  chplSla  use  entity  woifc.clipl31s(8inict); 


too 


N0:dipl3U 

teoeriemapOEMPBRim]!^  100) 

pen  map  CntCnt.  DOt.  EXUSN.  CSSS,  HOME.  EXEC. 
SETNR.  RUOFR  PUI^,  MC»)S  AMm,  LCMD, 
ENPCnt.  BNPSIO.  PSUIO  FINB,  BNBIJS.  LtlMN. 
RLBO.  RSTSW.  PMRX,  SENS.  PEN.  P4N.  P2N. 

PIN.  REBUS,  PRBUS,  FHSEN) ; 

eodchpiSla; 


uaewofk-taiblesjll: 
lisa  woilLtenL.oon8tantt.an; 
use  wotlLgenLdalayBJU: 


-<  Ibat  Bench  for  die  aimulaiiQn  of  the  CHP131  chip  in 
-  thoFRCTOmlia 


entity  tesLchpl31a  is 
endiBsLchpl31a; 


nchiteciure  tdipl31a  of  tesLChplSla  is 

~  Input  Signals 

signaiPRCIR:bit?>‘0’: 
sigittlPlRtbiCoT; 
signal  EXDISN:hit:- *1’; 
signal  CRSEtUt:-’!’; 
signal  HOMB:hiC-*0’; 
signal  EXBC:bit:«‘0*; 
signal  SB11>lR:bit:-*0’; 
signal  RLBOFFrHc- *r; 
signal  FULSEI;bit.'- *0’; 
signal  MODSAMPN:bic-  ‘O’; 
signal  lJCMD:bit:«’l’; 
signal  ENPCIR;bit*‘0’; 
signal  ENPSIO:bit- ‘O’; 
signal  PSUiO:bit:-‘r; 
signlFlNEtbit:- ‘O’; 

si^  BNBXJS:I>iLvectDi(3  downio  !):•  “lir; 

-  Oiiqwt  Signals 

signal  LUMN:bii; 
signal  BLBO:bit; 
signal  RSTSWibR; 
signal  FMRX:bit; 
sigralSENS:bit; 
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titmlPSNrbit; 

rignilNN:bit; 

dgMlF2N:bit; 

sigiHl  RRBUS:Ulv«c«»(7  downio  1); 
signal  FBBUS:biL>ecioi(3  downto  1); 
dlMdPHSBKAit; 

-  SimulatkmSigmdswhkJiriinuIisornses  to  enable  the 

-  ctocbandtoienidnatetheAnulatiaa. 

signal  Ll:fait; 
signal  Ll'bit; 

signal  EXDlSNA:t>it:-  ‘1’: 
signal  ENPCniA:bit:-*0': 

8igmlSlQP;tilt:»*0’; 


oompcnent  dipl31amod 
p(xt(E%Cnt:inbit; 

DIR:inbit; 

EXDlSN:inliit; 

CRSKinUt: 

HOMEcinbit; 

EXECinbit; 

SETDIR:inUt; 

BLEOFP:inbit: 

R)LSEI:inbit; 

MDDSAMFN:inbil; 

LCMD:inbit; 

ENPCntiinbit; 

ENPSIO:inbit; 

PSUlChinbit; 

FINE'inbit; 

BNBUS:inblt.veciar(3  downio  1); 

LLIMN:outbit; 

Bl£0:outUt: 

RSTSW:oudMt; 

I%lRX:outbit; 

SENS:oud>it; 

P8N:oud)it; 

P4N:outbit; 

P2N:oatbit; 

PlNmitbic 

RRBUS:oi^t_vecto(C7  downio  1); 
niBUS:oalbiL'vectiof(3  downto  1); 

PH5EN:ouibit): 
end  component; 

for  DC:  chpl31amod  useenti^  woric.dipl31amod(dipl31i0; 
begin 

ENBUSo'^nrafterOiis. 


ite 


"Oir  after 45800  ns,  “lir  after  4e000  ns. 

‘*101’*  after  47000  ns.  “Ill”  after 47200  ns. 
“110”  after 49000  ns,  “111”  after49200ns; 

FRCIR  o ‘1*  after  200  ns. ‘0*  after 400  ns. 

‘1*  after  103400  ns,  *0’  after  103600iis; 

DIRo  ‘0’  aflerS2600ns.  ‘1*  after  103800  ns. 

‘0*  after  106800  ns.  T  after  124800  ns. 

‘0’ after  12S400  ns.  *  r  after  125600  ns; 

CRSE  <- ‘0’ after  111400  ns. ‘1*  after  136400  ns; 

HOME  <s:  ‘1’  after  111200  ns.  *0’  after  112400  ns, 

*r  after  124400  ns.  ‘0’  after  126000  ns. 

‘rafter  127200  ns; 

EXEC  <«  ‘1’  after  111800  ns.  *0*  after  112000  ns. 

*r  after  112600ns.  *0*  after  112800ns. 

*r  after  126800ns,  *0’  after  127000  ns. 

‘r  after  136000ns.  ‘0’  after  136200  k; 

SEIDIR  o  ‘1*  after  110200  ns.  *0’  after  110400  ns. 

‘1’  after  110800  ns.  ‘0’  after  111000  ns, 

‘1*  after  113800  ns.  *0’  after  114000  ns, 

‘1’  after  125000  ns,  ‘0*  after  125200  ns. 

‘1*  after  128400  ns.  ‘0*  after  128600  ns; 

RLEGFF  ‘0’  after  103200  ns.  ‘1’  after  110000  ns. 

‘0*  after  110600  ns.  ‘1*  after  113600  ns, 

‘0*  after  127400  ns; 

PULSEI  ‘1’  after  113200  ns.  ‘0’  after  113400  ns. 

‘1’  after  114600  ns.  ‘0‘  after  114800  ns. 

‘r  after  115000  ns,  ‘0*  after  115200  ns. 

‘1’  after  115400  ns.  ‘0’  after  115600  ns. 

‘1*  after  115800  ns.  ‘0‘  after  116800  ns. 

‘1*  after  117000  ns.  ‘0’  after  117200  ns. 

‘1’  after  117400  ns,  ‘0*  after  117600  ns, 

‘V  after  117800  ns,  ‘0’  after  118000  ns. 

‘1  after  118200  ns. ‘0’ after  128000  ns. 

‘rafter  128200  ns; 

MODSAMPN  <«  ‘1’  after  113000  ns.  ‘0’  after  126400  ns. 
‘1’  after  126600  ns.  ‘0*  after  127600  ns, 

‘r  after  127800  ns.  ‘0*  after  135600  ns, 

‘rafter  135800  ns; 

LCMD  <*  ‘0’  after  111600  ns.  ‘1*  after  112200  ns, 

‘0*  after  116000  ns, ‘r  after  116200  ns, 

‘0*  after  118400  ns.  ‘1’  after  118600  ns, 

‘0’  after  126200  ns.  ‘1*  after  135200  m, 

‘O' after  135400  ns; 
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ENPSIO<k  *r  after  114200m.  ‘0’  after  118800  m, 

*1*  after  124600  m; 

FINE  *1*  after  114400  M.  *0’  after  116400  m. 
after  116600  m; 

LI  <0- T  after  600  M.  *0*  after  4S600  M. 

‘r  after 47400  M,  *0’  after 48800  m, 

‘r  after 49400  M.  *0’  after  S2400  m. 

T  after  52800  M.  *0’ after  103000  M. 

T  after  104000  M.  *0*  after  106600  M, 

*r  after  107000  ns.  *0’ after  108800  m; 

L2  <- T  after  118800  ns.  *0’ after  124200  ns. 
after  128600  m.  *0'  after  134700  ns; 

EXDISNA  o  *0'  after 600  ns. 

‘r  after 45600  ns.  *0*  after  46200  ns. 

*r  after 46400  ns.  *0’ after  46600  ns. 

T  after 46800  ns. ‘0*  after  47400  ns. 

T  after47600  ns. ‘0’ after  47800  ns. 

after 48000  ns. ‘0’ after  48600  ns. 

T  after 48800  ns. ‘0’ after 49400  M. 

T  after  52400  ns. ‘0’ after  52800  M. 

*V  after  103000  ns.  ‘0*  after  104000  ns. 

T  after  106600  ns. ‘0’ after  107000  ns. 

‘1’  after  108800  m.  *0'  after  109400  ns. 

T  after  109600  ns. ‘0’ after  109800  ns. 
after  118600  ns; 

ENPCTRAo  after  124200  ns.  ‘0’  after  125800  ns. 

*0’  after  135000  ns.  *0’  after  135200  ns; 

STOP  <oi‘l’ after  160000  ns; 

DC:  chpl3  lamod  port  inq>  (FRCTR.  DIR,  EXDISN,  CRSE,  HOME,  EXEC. 
SE1DIR,  RLEGFP.  FULSEI.  MODSAMFN.  LCMD. 

ENFCIR,  ENPSIO.  P5U10.  FINE.  BNBUS.  LUMN. 

RLEG.  RSTSW,  PMRX.  SENS.  P8N,  P4N,  P2N. 

PIN,  RRBUS,  FRBUS,  PHSEN)  ; 


-  This  process  genantes  the  EXDISN  clodc.  Hie  clock  is 
~  gated  with  the  LI  signal  to  disable  cloddng  where 

-  necessary. 

Pl.’process 

begin 

EXDISN  <- EXDISNA; 
wait  for  1&; 

while  LI  ■  *r  loop 
EXDISN  <• ‘O’; 
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wait  fbr 200  m; 

EXDISNo*!’; 
wait  fior  200  nt; 
end  loop; 

waitonLl,EXDISNA; 
end  process  PI; 

-  This  process  gensmes  the  ENPCTR  dock.  Hie  dodc  is 
»  gated  with  the  LI  signal  to  dUddedockiiig  where 

—  neoessaiy. 


P2.‘proce8s 

begin 

wait  for  1&; 

ENPCTRoENPCTRA; 

whileL2«‘rioop 
ENPCTR<«‘0*; 
wait  for  200  ns; 

ENPCni<^‘r; 
wait  for  200  ns; 
endkwp; 

wait  on  L2,  ENPCIKA; 

end  process  P2; 

PSrprocess 

begin 

wait  until  STOP 

assert  stop  « *0’ iquat ‘'End  of  Simulation” 
severity  FAILURE; 

end  process  P3; 

end  tchplSla ; 


use  STD.StandariLall; 
useworic.tables.aIl; 
use  woric.gem_constantt  Jdl; 
use  woik.gein_delaysjdl; 

entity  chp395  is 

generic  (VDD:  real; 

lEMFERATURE:  RSO; 

port  (VSWR.TUNECMD,FREQCH.  HOLD,  HOME;  in  bit; 
SETDIR.CA.PULSEOFP,RSTPUL;  hi  bit; 
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iBsiajOcac.cB.oc.iivraiinutiuam  m  m 
Ksm,TCUTixmcYc,mnjtm,cuaaL  m  m 
jaaouDH,ruLSBS,njiSB:  m  mt 

mid^l 

MchiiBClHV  AnKt  of  clip39S  It 


-» All  coBipoHBWB  oHyiwd  ftWH  GBM  bdMwioMi  dwcripttOM  hwIbhi  by  *■ 

-KenK^es.  Tlrli  rnmprrni gim  Iti  ibil^r  tbIwi  biw  ■  ubii  miI it rnw 

Vnn  if— n— juM.il- 

-indiooghfeneikiMiit.  - 


ccmponntcniMjn 

generic  (DELAY:tinie^AN(Xrninl^er;VDDmU; 
lEMFGRAITJREaeal: 

CMOSJNjrABLEx^vriiies>«raA.ttUes£inosJiL.lri)le); 
po(t(INFUn  in  bit; 
output;  oat  bit); 
end  component; 

component  cmos.pad 

generic  (PELAY:tiine;FANOUT;integer;VDDneal; 
TEMFERAlTJREaeal: 

CMOSJPAD_TABLE;oeU_valiies:«woric.tabies.cmcM:_]«d_lable); 
pon(lNPUD  in  bit; 
output;  out  bit); 
end  component; 

component  dff.j)edg^jbar 

generic  ((LFANOUD  integer,  QNJ’ANOUDint^ei; 

VDOmd;  TEMFERATUREaeal); 
po(t(D:  in  bit; 

CLK:  in  bit; 
reset;  in  bit; 

Q:  out  bit; 

QBAR:  oat  bit); 
end  component; 

comoonentdff  oeds^  nber 

generic  (QJPANOUT;  integer,  QNJ>ANOUi;integer, 

VDDireal;  TSMFERAIUREaeal); 
poit(D:  in  bit; 

CLK:  in  bit; 

RESET,  in  bit; 

SET  in  bit; 

Q:  out  bit; 

QBAR:  out  bit); 
end  component; 


10$ 


I 


poftONfUR 

oumni 


In  M; 
o«t  mi 


•eMric  (DeEAY:iinw;BANOtn^ii^^ 

IBMnRATUREanl; 

lNVjrABLBxdLvalnM>iwrlLiAletiBv.tri)leX 
portCINFUR  in  bit; 

OUmJT.  o«  bit); 
cndcoBiponent; 

component  nnd2 

generic  (DBLAYnime;FANOin^int^erJNril>ELAY:time:aOis; 
VDD3eal;IEMPEEtArURE.'real; 
NAND2_TABLE:celLvalae8:>wariLtablesjiand2_sd>le); 
poct(INFUri;  in  tnt; 

INFirr2:  in  bit; 

OUnVP  out  bit); 
end  component; 

component  nof2 

generic  (DELAY:time;FANOl}T:integex;INrrDELAYtime:aOfi;; 

VDi:beal;i:EMQPERArUREaeal; 
NOR2jrABLE:ceUL'values>wafk.taUe$.noi2_iable); 
pa(t(INFim:  in  bit; 

INroT2:  in  bit; 

OUTPUT  out  bit); 
end  component; 

component  noi3 

generic  (DELAY:tinie;FAbK)UTiiiieger4NTIPELAY:time:"0ft; 

VDD3eaI;'IEMFERAIU«E3eal: 
NOR3jrABLE:celLvalues:«wariU:d)les.noc3_table); 
poft(lNPUTl:  in  bit; 

INPUn:  in  bit; 

INPUTS:  in  bit; 

OUlPUT  out  bit); 
end  component; 

component  out_buff 

generic  (DELAY:time;FANOUTintega;VODaenI; 
TEMFERATURExeal; 

OUTJBUFF_TABLE:oelLvalue8:«woifc.table8.out_bufLtable); 
poit(lNPUT  in  bnt; 

OUTPUT  out  Wt); 
end  component; 
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conqwnent  ictrj9st«ge 

generic  (q9_fiuioat:  int^er, 

VDD:  real; 

TEMRBRATURE;  real); 
p(Xt(dk9,re89:  in  Ut; 

^  out  Ut); 

end  component; 

component  ictr_13sia8e 

generic  (ql3_^moiit:  integer; 

VDD:  red; 

1EMFERAniRB:ieal); 
pOft(clkl3.Rsl3:  in  Ut; 
ql3:  out  Ut); 

end  component; 

conqionent  ictr_18stage 

generic  (qlgjEuiout:  int^er. 

testcloclt_^mont:  integer; 
testouqniLUnoiiL' ini^er; 

VDD:  real; 

TEMPERATURE:  lealQ; 
poit(clkl8,re8l8:  in  Ut; 

ql8,tectclodE,testouqiiiC  out  U^; 
endoomponeni; 


~  AU  aignal  mmea  cancqnnd  to  one  MIF  file  part  tuanes  (exo^  for  the 
-SrigowUchkanaetniedcliaEacierinVIOE.)  for  eatycxoaa  reference 
••  with  the  derign  dnwinga  whkh  were  piodnced  from  a  mentor  gnpUca 
~  workJtaficn.  Bach  part  haa  an  JN  afterward  to  indicare  the  ooqmtrignal 
-  of  each  part  in  thelrieepective  port  map 


aignalVCCUt:«T; 
signal  (^ID:UCa*0’: 

signal  I1061_NJ1082J«J1I11_QJ1111_QN  :  Ut; 

signal  1270.^4179 JIJ2222jQJCZ222_QN  :  bit; 

signal  I269J«4382Jf J19S J^4184J>14183 :  Ut; 

signal  I189J^4298 Jf JRCIR.18TC  JtCTILlSQlS :  Ut; 

signal  RCnLl8T04296J^J295J^4686J^  :  Ut; 

signal  I294j441«82jrjl683j^41684j^  :  bit; 

signal  I192_N4193J1J1686JIJ1041J^  :  Ut; 

signal  I1084JI41085J^41086JJ41061J^  :  Ut; 

signal  1321  J^4168J4J169JN4172J1  bit; 

signal  D333_Q43333_QNJ173JNJ204JJ  :  Ut; 

signal  I205JiJ227 J167 J^4166JI4300J^ :  Ut; 

signal  11685 J^J1087J4J1693J^4188J^  :  bit; 

signal  I1088JJ41089JiJ1692JJJ299Ji  :  bh; 

signal  I151_N,I152JI4155J^4147J^  :  Ut; 

signal  I1090J4J4444_Q44444.QN45SS5_Q  :  Ut; 

signal  I5555_QNJ[187J44292J^J1095J4  :  Ut; 

signal  I1696JiJ290J^4291JJJ1698_N  :  Ut; 
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ii|Ml]293_Hai6S7J(J16ttLNJ287Jf  :  Ml; 

M|MlRCnL13Q13J«Cri1L9Q»J109UfJ27aL^  Ml; 
il»Nin31>fJ28UfJ66«LQJMtf-Q^  :  Mc 
M|Min3^J!39JfJ140JIJ2S3^  Ml; 

MfMll2t4JfJ16l9JIJ2tSJfJ30LN  Ml; 

MpMlI10OJf41Q99JIJllOQL^  Ml; 

M|MlI273JfJ289Jfai«9UfJlS90JN  :  Me 

teaB:  ennOn  wc«iqri*oAxiaoOn(bilinrte^ 
teal:  cBwajedMwaatf^iwwfcxMoajpaCbilM^ 
forML  diLpwliJt»aw<Miiywqkj(MtjeilijtM(Mn^ 
forall:  dgjadi,MMr  i»ak4llLp»JKJrtM<i«ict); 

tod:  IM.M0aM«toiyiMfttoLbnlll(M««^ 
toaB:  toMeaMto«odJa«(bdi«fteM): 
toall:  ■wid2w»eiiii^  worir«BKl?(Mil^ 
toafl:  iKdawctoiyiKMkjailClieli^^ 
tod:  McSwfldQrwcdJMd^divtoil); 
tod:  idJbdfiwealtoworiboMLMdQwlii^^ 
tod:  ic«ito>tPWB<i«iiQr^wtojcit_^i^^ 
tod:  icg_13tme ate <lty i»<)ducir,13ittia(iaiic0; 
tod:  ito.ltaiw»M«MtowakJctr_18nte(attacO; 


IlOeiianoOn 

fenaric  imp  (DELAY«c»l  ■,  BAN0UT«>1.  VDD^VDD, 
TBMPaUJURBiO>TEMI>ERimjRE) 
pott  nup  (V5W1MUSU4); 

11062:  cnoOn 

|amriciiiap(DBLAY->l  M,FANOin^l.VDI>i^VDD. 

ISMreRATURBiOlSMFERAIURE) 
port  oMp  (TUNECMD,  I1062J^ 

mil:  dfLpdgjMv 

lOMric  nup  ((LFANOUT-o>  2»  QNJV^NOUlVo>  1.  V1H>«> 
TEMIBtArURB«>  TEMFERATURE) 
port  IMP  aiOOl  J4. 11062Jf,  070^.  I1111.Q.  I1111_QN); 

127a  inv 

|BnefklMp(DGLAY>>lM.FANOUTk>  l.VDD^VDD, 
lEMFERAIVRE^  TEMIERAniRB) 
portiMpai69_N.I27QJ4); 

1179;  noi2 

fBiMic  imp  (DELAY^l  m.  FANOUT-ol.  VDDiO>VDD. 

TBMFERAnjRE«>IEMFBRAnjRE) 
port  map  (imi-QJlOOS  J179JQ; 

1269:  inv 

generic  nup  (DELAYk>1  ns,  FAN0UT«>1,  VDI>oVDD. 

TEMPERArUREi<>TSMFERArURE) 
port  nup  (I179JK,  1269 Jl); 
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12222;  dfLpedLPrtiar 

ItMric  JHp  iQj;ANOinw>  2,  QNJV^NOinw>  1. 

IBMRBRAIURBafr  TEMFERAIURB) 
port  IMP  (GND,  I2»_N.  I38Lf»,  I1111_QN42222_Q.  0222.0^ 

1382:  inv 

•emric  niqi  (l]aLAYa>l  M,  BANOUTi»l,  VDD>>VDD. 

‘IBMFBRAnjRE«»lEMPERArURE) 
pan  IMP  (I3333_Q  J382_N): 

I19S:iiiy 

feMrieiiMp(I»LAYiOl  M.FAN0Um>2.  VDEN>VDD. 

TBMFEItAnJKBiO>TBMFERiaTJRE) 
poit  flup  (12222jQ J19S J4): 

1184:  noi2 

feoHk  OMp  (DELAYi^l  m.  FAN0UT«>1.  VDD^VDD, 
‘lEMFCRiOURE^'ISMFBRArURE) 
pan  nup  (I2222_<^Jtl66_NJ184 J4); 


Some  gale  iiwunriarioM  required  tr  iniMl  delay  bequue  ifaey  .  yere  pttod- 

wiih  other  gan  to  ftm  a  nipFkp  pMemihat  would  have  an  undeAiied - 
nate  when  annlMkm  began.  IboOMthemcecQnditkiniathelbedbnck- 
loQpaneofthegateiindiepatiBrawaigivmallidefaQrtowaitunta  - 
dtoodierhadnoeivedndiMpQniledtoiiaiqnL 


1183: 11012 

generic  map  (1»LAY«>1  ns.  FANOink>l  JNnDBLAY>e»l  ft, 
YDIK^VDD,  TIMFER/aTntE^lEMFERAIllRE) 
port  nup  (I1S4  J189_N4183  Jt): 

1189;  noi3 

generic  nup  (KLAYa>l  ns,  RAN0UTb>2,  VDD^VDD, 
lSMFBlAlTJKE«>1BMFCRArURE) 
pan  nup  ai83  J1085_nj3333jQJ[189_N); 

1298:  nai2 

generic  nup  dMATi^l  na.  FAN0UT«>1.  VDIWVDD, 
ISMFERAlTJRE^TEMreRArURE) 
pan  nup  ai93  J<J[SSSS_Q4298_N); 

199<K):  fctr.ISsn^ 

generic  map  (ql8J>ANC)UT<ol.teatoloclLftBtoiit>>>l. 
tnatooqnL&noano-l.VDDoVIH). 
'IEMPERArURB->lSMt'ERATURE) 
pen  map  (I298J44227J44l<niL18Q1841CnL18TC4tCni^l8TO); 

11401:  cmoejail 

generic  map  (DELAYa>l  na,  FANOlJT^l,  VDDoVDD, 
lBMFHlAn]REiC>lEMFEIt/aTJRE) 
pon  map  (RC1K.18TC,  1ESTCL0CK); 
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1296:  inv 

•eneric  map  (DBLAY-ol  ■■.n^NOUlW^l.  VDDn^VIH}. 

TBMFBRAIURBiO>1BlffSRArUR^ 
poA  IMP  (RCnLinOJ296J(); 

129S:iiiv 

leiMk  m^i  (DBLAYi^l  M,  BANQCnW^l.  VXH>^VI» 
IBMPSRATURB^IEMFERArURE) 
pon  IMP  (I227_NJ29S_N): 

1294:  inv 

|eMriciMp(DBLAYi»l  M.FANOUIk^l.  VUWVDD. 

lEMFERAnJBB>o»1EMFEIUmJSE) 
port  iiMp  (D333.Q J294_N): 

11682:  ou^bnff 

feneric  iiHpa)eLAY»l  m.EANOUT^1.  VDD->VDD, 
lEMFERAIUREioTSMPBRAIURB) 
port  map  (1296J4J1682LN): 

11683:  onUniir 

fcneric  niap(DBLAY«>l  M,n^NOI]TV»l.  VDDoVDD. 

lEMPBtArURBa>lEMPERAniRE) 
poet  map  (129SJNJ1683 J4); 

11684:  outjbuff 

teneric  nup  (pmJXmoi  m,  FAN0UT»1,  VDD^VDD, 
lEMreRA[l]RE>o>lEMFERArURE) 
pon  map  (1294 J4ai684 JQ: 

11093:  cmoa_pad 

generic  map  (I»LAY»1  n8.FANCXJr»  l.VDD^VDD, 
*IEMPERArURBM>  IBMPERATURE) 
port  map  ai682J4,TESTOUmrn; 

11092:  emosLpad 

generic  nuqp  (DELAYaol  iia.FANOUT<»  1.  VDI>»VDD, 
TEMPERATURBo  IBMPERATURE) 
port  map  (11683 J4,TUNERST); 

11094:  cmQs_pnd 

generic  taap  (DELAY-ol  na,  FANOUT->  1,  VDI>-»>VDD, 
TEMPERATURE^  TEMPERATURE) 
port  map  (11684 J^JCHFFN); 

1192:  inv 

generic  mqp  (DELAY>^1  na.  FAN0UTV>1,  VDDi^VDD, 
lEMPERATURE^TEMPERATURE) 
port  map  ailll-QJ192LN): 

13333:  dfiLped&jbv 

generic  map  ((2JPANOUT->  3,  QNJ>ANOUT«>  1,  VDDiO  VDD. 

TEMFERATURBiC*  TEMPERAIURB) 
porting  (VCCJ173_N4169J4J3333_Q43333_(3N); 
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1193:  mmB 

lenertc  IM9  (ULAYi^l  m,  IVkN(]UTb>2,  VDDioVIH}, 
1BMPBRAIURBii»1SMnSRXIURB) 
pon  map  ai9^JB333.QNJ193J0; 

I204:iiand2 

feneric  nup  (DeLAY*<>l  iii.MNOUrr»l.  VDOi^VDD. 

TEMreRATURBiii^'IBMFBRArUltE) 
poft  map  ai9S JU1«7_NJ204_N); 

DOStinv 

aeoecic  map  (DeLAYa>l  na,FANQU1W>2,  VlX>i^VDD, 
ISHnRATUREiolBMFBRArURB) 
pan  map  (004 J1J2Q5  J4); 

1227:  inv 

foneric  map(DBLAYw»l  iia,BANQiU1^2,  VDD^VIX), 
IBMFBRArURE^TSMnRATUR^ 
pen  map  (I193JMJ227JN); 

11084;  crooaLln 

fcneric  map  (DBLAY-ol  ns,BAN0l7Ih»l,  VDDoVDD. 

TEKIPERArURBiO>'IEMFBRAIURE) 
pan  anap  (W2CIU1084 J4); 

1173:  iav 

ieMiicmap(DeLAY«(>l  iis»FAN0U1>»l,VDD«>VDD, 
TBMFERAn;RE><>TSMimAniRE} 
pen  map  ai084 JU173  JO: 

llQeS:camiaJn 

feiMric  niap  (DeLAY>o>l  na,  EANQUY03.  Vl^^ 
ICMFSRAIURBa^TBMnRArURQ) 
pon  map  (HOLD  J108SJN): 

11066:  caMMjn 

aenecic  map  (DELAYa^l  na.  FAN0UT^3,  VlX)i^VIX>. 

lEMPBRATUREioTEMPBRArURE) 
pon  map  (H(H4B  J1066JO; 

11061:  emo^in 

aenericmap(PBlAYM>l  iia.FANOl7rio2,VDD->VDD, 
’raMPERArURB«>1BMFBRAnWB) 
pon  iM|>  (SETD1RJ1061JN): 


1321:iiand2 

aencricmap(PBLAY"»l  i>a.BANOtrfr»l.  VM>o-VDD. 

lEMFERATURBiO'IEMFERArURE) 
pon  map  aiOOOJfJlOOl J1J32U0; 

1168:  not2 

aeneric  map  (KLAYaol  ni,  FANOUT^l,  VDD^VDD, 
TBMFBRATUREiO>1SMPBRAnntE) 
pon  map  ai06S_NJ321  J168JO; 
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IlOriuv 

twwric  mtf  (pajY»^im,mn(n^i,yotMaD, 
TBymumjuMBMrauamB^ 
paitMpaiAJ«Jl«-H): 

B00;inv 

piwric  wn>(DBLAYiol  ■^IVWOtTftol,  VD&^VDP, 
1BMP8RAIURBi«»lEMFBItArUR«) 
port  wip  (i227aLQinOO_N); 

I16SS:oaLbaff 

|OMrieawp(DeLAY->>l  m,FAN0U1W>1,  VKWVDD, 
TBMFBtAIXJIffii^lSMFBRAlURB) 
port  BMP  (13OOLN410BSJ4); 

I109S:aiKrtjid 

lentric  nop  CDBLAYa^l  w,  BANOUTb>  1,  YnwyOD, 
TBMFBUaURB«>  TEMPERATURE 
port  IMP  aiti85J^.TCl); 

1167:  inv 

generic  imp  (DBLAYaol  nt,  PAN0U1W>1,  VDDi^yDD, 
lEMPBRAIURE^TEMIERAraRE 
portinvai066JlJ167_N); 

116&inv 

generic  imp  (DELAr->l  M,  R^NCRnb>l.  VDD>> 
1SMFERArURE«>TSMFERArURfi) 
port  imp  (I1061Jf  J166J<); 

11067:  cmoeLpid 

generic  IMP  (imAY^l  m.  BAN0inw>  1.  VDD«>VDD. 

TEMPERATUREiO  TEMPERATURE 
port  map  (I16P3_N,CB): 

11693:  ouUwff 

generic  map  (DBLAY-ol  nB,EANOUT»l.  VDD->VDD, 
TBMPBRATURB->TEMFBRA1URB) 
port  imp  aiSS  J4J[1693_N); 


1292:  inv 

generic  mv  (DBLAY>c>l  m.  FAN0U1W>1,  VDI>oVl». 

TEMFBRAIUREiotEMPERATURE 
port  map  a20S_pf4292J(); 

11686:  onUaiff 

generic  map  (DELAYat>l  m.FANOUlk>l.  VDD-oVDD, 
1EMFERATURBii>1EMEERArURB) 
port  map  (]292JNJ686^ 

11041:  cnMMLpnd 

generic  imp  (IffiLAYaol  ni,FAN0UT^  1,  VIXWVIE), 
temperature^  TEMPERATURE 
port  mqi  (1686_N.TUNBCYQ; 
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11068:  cmoOn 

feMficiMp(DBlAY«>l  m,FANOUTW>1,  VDI>oVIH>» 
nMFBRiaUR&i>1BMnRAnAB) 
poet  Http  (CA410B8  J4); 

1151:  noA 

IMiatic  iitf|>(D6LAYi^l  nttFANOin^l.  VDDmVDD, 
IBMFCRAniRE^TSMFERAnJBS) 
poft  map  (QOSJ^JlOBOJf JISLN): 

1152:  inv 

fOMric  imp  (13ELAY«>1  m.EANOUm>>l.  VDD»VDD. 

TEMFEItAIURBi>TBKffGR>m^ 
poft  map  91S1_NJ152LN); 

1155:  inv 

generic  map  (DELAY-»^1  ii8.BANOUT»3.  VDDioVDD. 

lEMFeRim]RE«>TEMPBRAnJSB) 
port  map  G1S2J^J[155J4); 

1188:  noe2 

generic  '.nep  (KLAY>»1  ns.  BANQUl^l,  VDDn^VDD. 

TBMPERAnjREaC^ISMFERAIXlRB) 
pot  map  (RCnL18Q18J187Jf  J188_N): 

1187:  naa2 

generic  map  (DELAY«>1  ns.  FANOUT-^l  JNrn»LAYi<>l  fi^ 
vDi>^VDD.  moraumjREoTEMPERxruim 
poR  map  ai88Jf J193JNJ187J<I): 

1290:  noi2 

generic  map  (IffiLAY<ol  nt,  BANOUTa^l.  VPD^VDD, 
lBMFSRAIURE->TEMFEIUaVRS) 
poet  map  ai8SJ^41086_NJQ90^; 

091:  inv 

generic  map  (DBLAY«i>l  ne.  FAN0UT>»1.  VDl>i»>VDD. 

TEMFERAIURE-»1BMPERAIXmE) 
poit  mep  0290 JIJ291  JO; 

1293:  inv 

generic  map  (raLAY>i>l  ns,  BANOUI^l,  VDDi^VDD. 

TBMFERAIURE^ISMPERAIVRE) 
pm  map  0291  Jf  J293JN): 

!16S7:ouU)iiff 

generic  map  03BLAY«>1  ns.  FANOOT»l.  VDD»yDD. 

TOMPERArURE*»lEMFERAlXJRE) 
pm  map  0293JN41687J0: 

11096:  cmcnLpsd 

generic  map  0361AY»1  m,  BANOinw>  1.  VDDic^VDD. 

TCMPERAIURB^  lEMPBUmiRB) 
pm  map  01687 JfJfOTUNB); 
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087:  inv 

fBiwric  imp  (DBLAYa»l  aStBANOUl^l^Vraik^Via), 
TBMFBRAIUM3->TBMrERArUi(fi) 
l»timpai5S_NJ287J<); 

11688:  ooUbuff 

feMrieimp(De[AY->l  m.nSN(XriW>l,  VD1>»VDD, 
IBMPERAn]R&>>lBMFERA3URB) 
port  imp  (1287 J1688LN): 

11097:  ciwNLiNd 

generic  impq)BLAY>»l  m,EANOUT^  1,  VDl>i>VDD, 
IBMFERAnJRE^  TBMFBRATURE) 
port  map  (I1688_^, CLOCK); 

11089:  cnKNLpnd 

generic  imp  (DiBLAYa>l  m»FANOUTW»  LVDIWVro. 

TEMPER^mJRB«>  TEMPERAIW) 
port  nup  (n69^Jf,CQ; 

11692:  ouLbuff 

generic  11M9  (DSLAY^l  nt^EANOUI^l,  VDDioVDD, 
lEMPERArUR&»lBMPERAn]BB) 
port  map  (I299_NJ1692JN): 

1299:  inv 

generic  map  (n(ELAY«»>l  na.  BANOUT*o>S.  VDD^VDD. 

TEMFERA3VRE<i(>lBMFERimJIt£^ 
port  map  aiSS  J1J299JN); 

1147:  nandZ 

generic  inap  (DELAY«>1  m,  EANQiUT->l,  VDDoVDD, 
TBMFERAIURBo  TBMFERAIOKB) 
port  m^i  (ISSSSjQ J4444.Q J147 J4); 

14444:  <ttLpedgjtar 

generic  map  ((lJV^NQOT«>  2.  QNJ>AN01J^^  l.VDD^  VDD, 
TEMFBRAnJRE<>>  TEMFERAIIJBB) 
port  mip  ai47 Jf4299JN,VOC J4444_Q4ipen): 

IS5SS:  dfLpedg_it>Br 

generic  map  (QJPANOUT«>  2,  ()NJV^N0UT»  1.  VDIW  VK). 

1EMreRiVII]REiO>  lEMICR>a^ 
port  map  a4444_Q J299 J4.VCCJ5S55_Qviven); 

11090:  cmoajn 

generic  map  (DELAY»1  ns.  EANOlJr«>l,  VDD^VDD. 

TEMPERArUREM>'IEMFERAIl]RB) 
port  map  (PULSEOFFJ1090J4): 

1272:  noc2 

generic  map  (DELAY->1  na.  FAN017T<<»1.  VD1»VDD. 

lEMICRAIlJRE^IBMFERArURfi) 
port  mif>  ai090JN.RCnL13Q13  J272_N); 
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1273:  inv 

generic  nap  (DiLAYi^l  M.  IMNOinw^i, 
TBMFOkAi'URBiC^'IEMPSlumAB) 
pen  map  (I272Jf J273JN); 

18888:  icttLl3riige 

geneifc  map  (ql3^AN0U1W>i,VDDM>VDD. 

TH4PBIUmn(E>>1BMPBIlAlURE) 
poR  map  Q299J4Jl38Jf JtCTIL13Q13); 

17777:  icttL^aiage 

generic  map  (q>  J(WOUlw>l.VDp»»VPD, 
TBMPBRArunSii>‘IBMI&lATUI(E} 
pan  map  (1299JIJ139^ 

11091:  cmoajn 

generic  imp  (I»LAir»l  K.R^NOinw>2.  V1»)->VDP. 

miFERAITJltBoTBMPSItAlUItE) 
pact  map  (881711141091^4): 

1138:  inv 

generic  map  (DBLAY->1  nc.RWOU1V>3.  VDD«o.VDD. 

lEMFERATORE-^IEMPBRAniR^ 
port  map  ai3^J138J4); 

1281:  inv 

generic  map  (I8BLAY«»1  ns,  FANOU1W»l,  VDl>iii>VDD, 
TBMPBR>mJRE>»1BMFERArti8E) 
poctiiMpai09U4J281J4); 

16666:  <Hf jBiig_plT 

generic  niap  (Qjy^NOUl^  2,  QNjVU«Xrr<>  1.  VD1><>  VD9. 

lEMfCRAniREiO.  1SMFSRAIURE) 
poet  map  (VCCja73J4X28U4J6666_Q/)pen): 

1136:  noi2 

generic  nup(DBLAY>ol  ns.FANOUTio2.  VDD^VDD, 
lEMFERAniRE><>1BMiCRArURE) 
poet  map  a6C66LQJ1091  J4J136JN); 

1139:  noi2 

generic  map  (1MAY«>1  ni,  FANOirpi>2,  VIXl^VDD, 
lSMFERAniRE->1BMFERArUKE) 
pon  map  06666.0 J140J«J139JN); 

1140;  no(2 

generic  map  (nBLAY«>l  ns.FANOirr>»2.  lNmXLAY-»l  ft, 
VDD»VDD,  1EMnRAITJ8E->1FMreRAn}RB) 
pact  map  ai39J441CI1tJQ9  J140J4); 


1289:  nac2 

generic  map  (DELAYol  na.FANOUT-!>l.  VDDm^VDD. 

IBMPERAnjRBi^lSMFeRArURE) 
poet  map  ai40LNJ136J4J289J4); 
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1283:  inv 

generic  nnyCMLAYiol  n8,EAN0UT^i»l,  VDI>oVDD, 
lENOPSRArURBolEMPERAni^ 
port  mep  (I289JK J283 J4): 

1284:  inv 

generic  map  (DEL4Ya>l  ns,  FANOUTa>l,  VDIXoVDD, 
lEMFERArURE>>lEMFERArURE) 
port  map  0283 J4J284_N); 

11689:  ouUwfF 

generic  mg)  (pELAY»>l  na,  FANOl7ra>l.  VDDiO-VDD, 
TEMPERAIliRB^lEMFERAlURE) 
port  map  (084 J4J1689J4); 

11098:  cmos_pail 

generic  map  (DELAY«>1  ns.  FANOUT«>l,  VD1»VDD, 
TEMFERArURE*i>  TBMPEItArURE) 
port  map  ai689JNJEXHOLDN); 

1285:  inv 

generic  map  (DELAYi<»l  ns,  FANCXJr->l,  VDDiii>VDD, 
TEMPERArURE<>lEMFERArURE) 
port  map  ai38J4J28SJ<l); 

11590:  ouijniff 

generic  map  (DELAY»>1  ns.  FAN0U1W>1,  VDDoVDD, 
lEMPERArURE«>lEMFERAroRE) 
port  map  (1285 J4J1S90J4); 

11099:  cmos_pad 

generic  mtq)  PELAY«>1  ns.  FANOUTol,  VDI>i>VDD. 

lEMFERATURE^  TEMTORArURE) 
port  map  01590 J4FULSES); 

1301:  inv 

generic  m^t  (DELAY»>1  ns,  FAN0UTa>l,  VDD^VDD, 
TEMPERATUR&olEMPERArURE) 
port  map  ai38J44301JN); 

11691:  outjhuff 

generic  imqi  0>ELAY«>1  ns.  FANOUT»l.  VDD-oVDD, 
'IEMI^RArURE->TEMFERATURE) 
port  map  (1301 J4J1691JN); 

IllOO:  cmosjnd 

generic  map  0>ELAY»1  ns.  FANOUT«>l,  VDIVoYDD, 
lEMFERATURE^  TEMPERATURE) 
port  map  01691-NFULSEI); 

end  struct; 
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nse  STD.StandanLaU; 

tt8eivoric.ttble&aIl; 

use  woifc.gein_oon8tBnts  jdl: 

096  woric^em_(lBlaysj]l; 

entity  chp39Smod  is 

part  (VSWR.TIJNECMD.FREQCH,  HOLD,  HOME:  in  bit; 

SEIDIR.CA.roLSEOiF.RSTE'^  in  bit; 

TESTCLOaLCB.CX;TESTOlJTPUT.TUNERST^  out  bit; 
K3D7N,lCl,TUNECYC,bKm]NE.ajOC^^  out  bit; 
EXHOLDN.  PULSES.  FULSEI:  out  bit); 

end  chp39Smod; 

architectme  chp39S  of  chi^95niodis 
component  chp39S 

generic  (1EMFERAIUKE:  real;  VDD:teaI); 

port  (VSWR.TUNECMD,FREQCH.  HOLD.  HOME:  in  bit; 

SE'IDIR.CA.PULSECH^P.RSTTUL:  in  bit; 

lESTCL0aC,C8.CC,lEST0UITUT.TUNERST;  out  bit; 
FCHFFN.TCl.TUNEafC.N01Ubm.aj0C^  out  bit; 
EXHOLDN.  PULSES.  PULSEI:  out  Ut); 

end  component; 

for  NO:  chp39S  use  enti^  wodc.chp39S(stnict); 
begin 


-ThissectionpassestiBoughtlieyoltageVDDandiemperatiirevaiueslDlhe- 
-  structure  which  passes  it  tiiough  generic  maps  into  the  gates.  This  » 

-method  allows  the  user  to  change  the  values  as  needed  without  having  to  - 
-change  anything  else  in  other  source  code  programs.  - 


Nachp39S 

generic  map  (lEMFERArURE<>298.1S,  VDDi>10i)) 
portmv  (VSm/IUNECMD.FREQCH,  HOLD.  HOME. 
SETDIR.  CA.  PULSEOFF,  RS1PUL. 

TESTCLOCK.  CB.  OC,  1EST0U1TUT,  TUNER5T. 
FCHFFN,  TCI,  TUNECYC,  NOTUNE,  CLOCK, 
EXHOLDN,  PULSES.  PULSEI); 


end  chp395; 
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u8eSTD.textiojdl; 
use  STDJStandanLaO; 
usewo»k.tablesjJl; 
use  woik.genijcoiistanis  JO; 
use  wo(k.gem_delaysidl; 


-Ibst  bench  fiir  simulation  of  the  SM-B-746395  integrated  circuit  of  the - 
-IKC-TOradio.  The  clock  ^cle  is  4000  ns.  - 


entity  test_clqi39S  is 

endtesLchp39S; 

architecture  test395  of  test_chp395  is 

signal  VSWR 

:bit:«’0’; 

signal  TUNECMD 

:bit:=’0’; 

signal  FREQCH 

:bit:=’0’; 

signal  HOLD 

:bit:«’0’; 

signal  HOME 

;bit:=’l’; 

signal  SETDIR 

:bic=’r; 

signal  CA 

:bit;=’r; 

signal  PULSEOFF 

:bit=’0’; 

signal  RSTPXIL 

;bit=’l*; 

signal  lESTCLOCK  :  bit; 

signal  CB 

:bit: 

signal  CC 

:bit; 

signal  lESTOUTPUT  :  bit; 

signal  TONERST 

:bit; 

signal  PCHFEN 

signal  TCI 

:bit; 

signal  TONECYC 

:bit; 

signal  NOTUNE 

:bit; 

signal  CLOCK 

:bit; 

signal  EXHOLDN 

:bit; 

signal  PULSES 

:bit; 

signal  PULSEI 

:bit; 

signal  LI 

Wc-’O’: 

signalL2 

bit-’O’; 

signal  CLOCKA 

;bit;«’l’; 

signal  CLOCKB 

:bit:«*0’; 

signal  CLOCKC 

:bit:«’l’; 

signal  STOP 

:  biic»’0’; 

component  chp395mod 

port  (VSWR,  TUNECMD,  FREQCa  HOLD.  HOME:  in  bit: 

SElDm.CA.PlJLSEOFF,RSTPUL:  in  bit; 

TESTCLOCXCB,(X,TESTOUTPUT,TUNERST  out  bit; 
FCHPEN,  TCI,  TUNECYC, NOTONE,  CLOCK;  out  Mt; 
EXHOLDN.  PULSES.  PULSEI;  out  bit); 
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end  oonqioiHiit; 

Cor  CH:  chp395inod  use  end^  walLClq»395niod(di>39S): 


b^in  -  input  stimulus 


VSWR  after  20000  Bs: 

TUNECMD  oT  after  18000  n.  ‘0*  after  22009  ns. 
‘rafter 26000 ns.  ‘O’ after 42000 ns. 

‘1’ after 44000  ns.  ‘0’ after  379S6000  ns. 

‘1’ after  37960000  ns; 

FREQCH  <«‘r  after  8000  K.  ‘0*  after  10000  ns. 

‘1’ after  32000  ns,  ‘0’ after  34000  ns. 

‘1’  after  1610910000  ns, ’O’  after  1610912000  ns; 

HOLD  0*1  after  6000  ns,  ‘0’ after  12000  ns, 

‘1’ after  48000  ns,  ‘0’ after  SOOOO  ns; 

HOME  o  ‘0’  after  14000  m, 

‘1’ after  36000  ns,  ‘0’ after 44108000  ns, 

‘1’  after  1610906000  m.’0’  after  1610908000  ns; 

SEIDIR  <-*0’ after  24000  ns.  ‘1’ after  28000  ns. 

‘0’ after  30000  ns,  ‘1’ after  38000  ns. 

‘0’ after 40000  ns.  ‘1’ after  46000  ns. 

‘0’ after  37958000  ns.  ‘1’ after  37962000  ns; 

PULSEOFF  o  ‘1’  after  1078000  ns. 

‘O' after  18494000  ns; 

RSTPUL  <-‘0’ after  1076000iib.‘1’ after  1080000  ns, 
‘0’  after  2106000  ns.  ‘1’  after  18492000  ns. 

‘0’  after  18496000  ns.  ’1’  after  37954000  in; 

LI  <>‘l’ after  1082000  ns. ‘O’sAer  2100000  ns. 

‘1’  after  18498000  ns,  ‘0’  after  37952000  n, 

‘1’ after  37964000  ns. ‘0’ after  44102000  m; 

L2  ‘  rafter  52000  ns. ‘0’ after  1074000  ns. 

‘1’  after  2108000  ns.  ‘0’  after  18490000  ns. 

‘1’  after  44106000  ns.  ‘0*  after  1610904000  ns; 

CLOCKA  o’O’ after  2000  ns.  ‘1’ after 4000  ns, 

‘0’ after  16000  ns.  ‘1’ after  52000  ns, 

‘0’ after  1074000  ns.  ‘1’ after  1082000  ns. 

‘0’ after  2100000  ns,  ‘1’ after  2102000  ns. 

‘0’ after  2104000  ns.  ‘1’ after  2108000  ns. 

‘0’ after  18490000  ns.  ‘1’ after  18498000  ns. 

‘0’ after  37952000  ns.  *1’ after 44102000  ns. 

‘0’ after  44106000  ns,  ‘1’ after  1610904000  ns; 


CLOCKB  <■  not  CXOCKB  after  2000  ns; 


CLOCKC  Oi  not  CLOCKC  after  2000  ns; 

STOP  o  ‘1’  after  1610914000  ns; 

CH:chp39Stno(l 

porting  (VSWR.  TUNECMD,  FREQCH.  HOLD,  HOME, 

SEIDIR,  CA.  PULSEOFF,  RSTPUL, 

TESTCLOCK,  CB,  CX:,  lESTOUIPUT,  TONERST, 

FCHFFN,  TCI.  TONBCYC,  NOTUNE,  CLOCK, 

EXHOLDN,  PULSES,  PULSED; 

PI:  pnxess  •^iiocess  to  incoqxxate  a  peipeiaid  running  clock  into  the  test 

wait  for  Ifs; 
ifLl«‘rthen 
CAoCLOdCB: 
eIsifL2« '1*  then 
CA<»  CLOCKC; 
else 

CA<=aOCKA; 
end  if; 

wait  on  LI,  L2.  CLOCKA.CLOCKB,CLOCKC; 
end  process  PI; 


--This  next  process  is  a  specially  designed  process  based  on  work  done  by  - 
~  Georgia  ItehUniveisily  to  abbreviate  the  ^ulationiqxxt  because  it  ~ 
"  required  too  much  q»ce  in  memory  to  iqwrt  all  ouqwt  signals  at  all  - 
-time  intervals.  Specific  lines  iqiesenting  events  in  the  test  were  tdoen  - 

-  firom  a  physical  test  sweep  of  die  chip  and  put  into  an  ASCn  file  to  be  - 
-used  as  a  control  f(H’ the  VHDL  simulation.  The  simulation  ou^uts  at  - 
-selected  times  are  compared  to  the  ASCn  file.  Mismatches  and  where  - 
-di^occuiredarerqKictedalongwiththeooputsattheselectedtimes.- 

-  The  selection  of  time  dqiends  on  the  line  number  of  die  vector  given  in  - 

-the  physical  test  sweqiASCII  file.  - 


P2;  process 

file  1NPUT_PILE :  text  is  in ‘ThysicaLtesLfilc  dat”; 

-  the  ASen  file  of  physical  test  sweqi 

file  OUTPUT_piLE:  text  is  out  Xoinpare_data.dat’’; 

-  the  ouq;Hit  ASCH  file  which  rqxnts  simulation  ouqmt  and  mismatches  with 
-test 

variable  Johnsjine:  line; 
variable  My_line:  line; 
variable  Scribejine:  line; 
variable  Jtduisjnput:  stringfl  to  13); 
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variable  Johnsjdgnals:  8lring(l  to  13); 

variaUe  Myjsignab:  8iring(l  to  11); 

variddeJchiuUbit:  bit; 

variaUe  My Jbit;  bit; 

variable  JotaiULnamben  ini^er, 

varid)le  11ie_time:  time; 

variable  JohnsLtime:  time; 

variable  My.time:  time; 

variable  eod:  Bodeancvfidse; 

variaUeen:  string(l  to  5); 

variable  sliow_signaI;  striitg(l  to  ll):B’X)iri34S6789A”; 

variable  b(4_signals:  string(l  to  11); 

variable  Z;  dianctera’Z'; 

variable  oliLtime;  timeiaOUs; 

variable  iiine_signa]$:  string(l  to  11); 

variablej:  int^en 

begin 

wait  for  1.8  us; 

LI:  loop 

-  Sectims  or  columns  fixnn  ASCII  file  are  put  into  string  variables. 

gignriic  :s  **  **; 

Johns_line  new  STRING’O: 

My_line  new  STOING’O; 

Scribejine  :=  new  STRING’O; 

READIJNE(lNPUT_FlLEJolins_line); 

eod  endfikONPUTJPlLE); 

READ(JohnsJineJolms.number); 

READ(I(^.lineJoluisJnput); 

READ(J(dins.line,Jolms_signails); 

Johns_time;B  (2us  *  (JcduiSLnumber-1))  •  old_lime;  -  time  of  an  event 

L2;  for  i  in  1  to  13  loop 

if  i 9  and  i /b  13  then 
j:«j+l; 

nine_signalsO‘):Bjohn8_signals(i); 

end  if, 
end  loop  L2; 

wait  for  Jdins_time; 

The_time:=  now; 


~  signal  ouQwts  of  simiilation  are  put  into  single  string  vaiiable. 

if  testclock  *’0*  then  My_signals(l):>  ‘O’; 
eIseMyjsignals(l):B  ‘1’; 

end  if; 

if  testouqtut  «’0’  then  My_signals(2)>  ‘O’; 


122 


elseAtyjsigMis^):^  *1’; 


end  if; 

if  notune  a'O’  then  MyjrignalsO):*  *0’; 
elaeMy_signab(3):-*l’; 

end  if. 

if  tunent  >’0’  tten  MjL^ignalsCd}:*  *0’; 
else  Myjsignals(4).'«  *1*; 

end  if; 

if  tcl  a’O’  then  My.8ignals(5):a  *0’: 
else  hfy_^ignaIs(S)>  *1*; 

end  if 

if  tunecyc  •*0*  then  My_sigMls(6):B  *0’; 
else  Myjsignals(6)>  *1’; 

end  if 

if  fchffii  -*0’  then  MyjsignalsCT):*  'O’; 
elseMyjsignslsCT):-  *1’; 

end  if 

if  cc  b’O’  then  MyjsignalsCS):*  ‘O’; 
else  My_signals(8):e  *1’; 

end  if 

if  cb-’O’  thenMyjsignals(9)>  ‘O’; 
else  My_signsIs(9):B  ‘1’; 

end  if; 

if  exholdn  «’0’  then  My_si«nals(10)>  ‘O’; 
else  My_sigi^lQ):B  ‘1’; 

end  if; 

if  pulses  b’O’  then  My_signsls(ll):B  ‘O’; 
el8eMy_si9ials(ll)>  ‘1’; 

end  if; 
enrtB"  “; 

loop:  conqwres  simulation  ouqtut  to  pineal  lest  sweep. 

13:  fori  in  1  to  11  loop 

if  nine_signals(i)  h  My_signals(0  and 
nine_signa]s^)  /■  Z  tten 

lndLisigiialsCi)»show_signalC); 
end  if 
end  loop  13; 

(ddLtiinerB  2us  *  (Johns_number  •  1); 

WUte(Scribe_lineJohns_numberJu^etto>Rl8htJHeltt4»9); 

Wkite(Scribe_lineJ(ttns_signalsjustifiedB>RightJE’ieldB>14); 

¥MtB(ScribeJine.ninejsignalsJustifiedB>RigfatJPieldi^l3); 

^te(ScribeJine!My_signalsJustifiedB>Right3eldB>13); 

lMritB(Scribe_lin6,ThejdineJustified^Right,Fieldi^l5); 

tMrite(Scribe_line,enJustifiedB>RightJ’iel(kc>8); 

'WUtB(Scribe_Iine.bai.signals); 

WimffiLINB(OLnPirrjTLE,ScribeJine); 

exit  LI  ndten  eod  B  True; 
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end  loop  LI: 


end  process  P2; 


P3:prooes8  -  process  lo  Hop  ihesimBliiicin  at  nipecifled  time, 
begin 

wait  until  STOP -T; 
assfstSTQP-’O’ 

iqxxt  of  sfantdation  ate  2  ms* 

seweriQr  FAE.URE; 

end  process  P3; 


endlBSt39S; 

<- ASCII  input  file  from  physical  lest  lab - 

1  101110000  2SDOZllliQZOO 

2  100110000 ZZOQZIIOOIZDO 

3  101110000  ZZOQZllllQZiOO 

4  lOllllOOOSOOlllllOZOO 

5  101111100  ZZOOlllllQZOO 

6  101111000  OlOlllOllQZOO 

7  101110000  OlOOlllllOZOO 

8  101100000  OlOOlOlllOZOO 

9  100100000  OlOOlOlllOZOO 

10  100100010  OlOOlOlllOZOO 

11  100100011  OlOOlOlllOZOO 

12  100100001  OlOOlOlllOZOO 

13  100000001  OlOOlOlllOZOO 

14  100000011 OIOIOIIOOIZOO 

15  100100011 OIOOOIIOOIZOO 

16  100000011  OIOOOIIOOIZOO 

17  100000111  OIOOOIIOOIZOO 

18  100000011  OlOllOOllOZOO 

19  100010011  OlOlllOOOlZOO 

20  100110011  OlOOlllOOlZOO 

21  100010011  OlOOlllOOlZOO 

22  100010001  OlOOlllOOlZOO 

23  100010011  OIOIOIIOOIZOO 

24  100110011  OIOOOIIOOIZOO 

25  100111011  OlOOlllOOlZOO 

26  100110011  OlOOlllOOlZOO 

538  1001100110100111001100 

539  0001100110100111001011 

540  0101100110100111001000 

541  1101100110100111001000 

1051  1101100110100111001000 

1052  1111100110100111110100 

1053  1101100110100111001100 
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1054  0101100110100111001011 

9246  0101100110100111001011 

9247  110110011  OlOOlllOOllOO 

9248  1001100110100111001100 

9249  0001100110100111001011 

17439  0001100110100111001011 

17440  0011100110100111110000 

17441  0001100110100111001000 
179S3  0001100110100111001100 
18465  0001100110100111001000 

18977  0001100110100111001100 

18978  1001100110100111001100 

18979  1001100010100111001100 

18980  1000100010100111001100 

18981  1000100110101011001100 

18982  1001100110100011001100 

20512  1011100110100011110100 

20513  1001100110100011001100 

20514  1011100110100011110100 

20515  1001100110100011001100 

20516  1011100111100011110100 

20517  1001100111100011001100 

20518  1011100111100011110100 

22047  1001100111100011001100 

22048  101110011  llOOOllllOlOO 

22049  1001100111100011001100 

22050  101110011  llOOOllllOlOO 

22051  1001100111100011001100 

22052  1011100110000011110100 

22053  1011000110000011110100 
S0S373  101100011  lOOOOllllOlOO 
805453  101100011 0110011110100 
805454  1011100110100011110100 
805455  1011000110110011110100 
805456  1011001110110011110100 
805457  lOllOOOU  0101100110100 

-  ASCII  ooqwt  file  for  ocwnparison  of  suimlation  and  physical  test  data  ~ 

1 2ZOOZ11110ZOO  ZZOOZlllOZO  01000111010  1800  NS 

22Z00Z1I001Z00  ZZOOZIIOIZO  OlOOOllOllO  3800 NS 

3  2ZOOZ11110ZOO  ZZOOZlllOZO  oiooomoio  5800 NS 

4  QOOlllllOZOO  ZZOOllllQZO  01001111010  7800 NS 

5  ZZOOlllllQZOO  ZZOOllllOZO  01001111010  9800 NS 

60101110110ZOO  OlOlllOlOZO  01011101010  11800 NS 

701001I1110Z00  OlOOllllOZO  01001111010  13800  NS 

8  OlOOlOlllOZOO  OlOOlOllOZO  01001011010  15800  NS 

9  OlOOlOlllOZOO  OlOOlOllOZD  01001011010  17800  NS 

10  OlOOlOlllOZOO  OlOOlOllOZO  01001011010  19800 NS 

11  OlOOlOlllOZOO  OlOOlOllOZO  OlOOlOllOlO  21800 NS 

12  OlOOlOlllOZOO  OlOOlOllOZO  01001011010  23800 NS 

13  OlOOlOlllOZOO  OlOOlOllOZO  01001011010  25800 NS 

1401O1011001Z0O  OIOIOIIOIZO  01010110110  27800 NS 

15  OIOOOIIOOIZOO  OIOOOIIOIZO  OlOOOllOllO  29800 NS 
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1601000110012)00  OIOOOIIOIZO  01000110110  31800 NS 

170100011001ZOO  0100011012D  01000110110  33800 NS 

ISOIOIIOOIIQZOO  OlOllOOlOZO  01011001010  3S800NS 

190101110W1ZOO  0101110012)0  01011100110  37800 NS 

2O01001110O1Z00  0100111012D  01001110110  39800NS 

21  OlOOlllOOlZOO  OlOOlllOlZO  01001110110  41800NS 

220100111001ZOO  OlOOlllOlZO  01001110110  43800NS 

23  OIOIOIIOOIZOO  OIOIOIIOIZO  01010110110  4S800  NS 

240100011001ZOO  01000110120  01000110110  47800  NS 

25  OlOOlllOOlZOO  OlOOlllOlZO  01001110110  49800  NS 

26 OlOOlllOOlZOO  OlOOlllOlZO  01001110110  S1800NS 

538  0100111001100  01001110110  01001110110  1075800  NS 
5390100111001011  01001110101  01001110101  1077800  NS 

540  0100111001000  01001110100  01001110100  1079800  NS 

541  OlOOlllOOlOOO  01001110100  01001110100  1081800 NS 
10510100111001000  01001110100  01001110100  2101800  NS 
10520100111110100  01001111010  01001111010  2103800  NS 
10530100111001100  01001110110  01001110110  21QS800NS 
10540100111001011  01001110101  01001110101  2107800  NS 
92460100111001011  01001110101  01001110101  18491800  NS 
92470100111001100  01001110110  01001110110  18493800  NS 
92480100111001100  01001110110  01001110110  18495800  NS 
92490100111001011  01001110101  01001110101  18497800  NS 
174390100111001011  01001110101  01001110101  34877800NS 
174400100111110000  01001111000  01001111000  34879800  NS 
174410100111001000  01001110100  01001110100  34881800  NS 
179530100111001100  01001110110  OlOOlllOilO  35905800  NS 
184650100111001000  01001110100  01001110100  36929800  NS 
189770100111001100  01001110110  01001110110  37953800  NS 
189780100111001100  01001110110  01001110110  37955800  NS 
189790100111001100  01001110110  01001110110  379S7800NS 
189800100111001100  01001110110  01001110110  37959800 NS 
189810101011001100  01010110110  01010110110  37961800  NS 
189820100011001100  01000110110  01000110110  37963800  NS 
205120100011110100  01000111010  01000111010  41023800  NS 
20S13  0100011001100  01000110110  01000110110  41025800  NS 
205140100011110100  01000111010  01000111010  41027800  NS 
205150100011001100  01000110110  01000110110  41029800  NS 
205161100011110100  11000111010  llOOOlllOlO  41031800  NS 
205171100011001100  11000110110  IIOOOIIOIIO  41033800  NS 
205181100011110100  11000111010  11000111010  4103S800N5 
220471100011001100  11000110110  11000110110  44093800  NS 
220481100011110100  11000111010  11000111010  44095800  NS 
220491100011001100  11000110110  IIOOOIIOIIO  44097800 NS 
220501100011110100  11000111010  11000111010  44099800  NS 
22051 1100011001100  IIOOOIIOIIO  IIOOOIIOIIO  44101800 NS 
220520000011110100  00000111010  00000111010  44103800  NS 
220530000011110100  00000111010  00000111010  44105800  NS 
8053731000011110100  10000111010  10000111010  1610745800  NS 
8054530110011110100  01100111010  OllOOlllOlO  1610905800  NS 
8054540100011110100  01000111010  01000111010  1610907800  NS 
8054550110011110100  01100111010  01100111010  1610909800  NS 
8054560110011110100  01100111010  01100111010  1610911800  NS 
8054570101100110100  01011001010  01011001010  1610913800  NS 
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iiioS11>.StamlwLjll; 

inoworic.nl)leMil; 

08»  woA4iemjoonit«tMll; 
vM  woik^eauUaytJll: 

cnti^CHF396is 

generic  CIEMFERArURB,VDD:  ml); 

port(CLCX3C:  in  Ut; 

RSTSW:  in  bit; 

SWHOLDN:  in  bit; 
EXHOLDN:  in  bit; 

ICHFFN:  in  bit; 

LLIMN:  in  bit; 

RUn  in  bit; 

VHFHI:  in  bit; 

ROK  in  bit; 

FLT.  in  biU 

POT  in  bit; 

FMAX:  in  bit; 

TCi:  in  bit; 

TUNERST  in  bit; 

NOnjNE:  in  bit; 

SWEKAN:  out  bit; 

FINE:  cut  lut; 

HOME:  oat  bit; 

TUNK  out  bit; 

RLEGFF:  out  bit; 

NORMAL:  out  bit; 

RSITOL:  out  Mt; 

EXEC:  out  bit; 

ENPC1R:  out  bit; 

LCMD:  out  bit; 

MODSAMFN:  oat  bit; 

ENPSIO:  out  Ut; 

RMINUSN:  out  bit; 

RPLUSN:  out  bit; 

^TDIR:  out  \Ati 
PULSEDIR:  out  bit; 

DIR:  out  bit; 

CRSE*  out  bit; 

EXDISN:  out  bit; 

PRCTR:  out  Ut; 

HCX^D:  out  bit); 

endCHP396; 

Kchitectuie  stnictof  CHP396  is 


-All  components  Obtained  fiom^SM  gate  behnvionldeKriptiQas  written  by  - 
-KenKeyes.  Each  component  gets  its  delay  values  ftomn  table  and  pnckag^ 
-  whidi  cakulaie  dday  values  bused  on  fiin^  VDD.  and  tempeature  passed - 
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in  thmigh  icnatie  ini|«. 


ocn^iniiont  cnonjbi 
rneck  (pOAIMmeaV^^^ 

IBMFBRATURBaMl: 

CMOS_lN_TABIJB:ceU_v«hiec«iwA.tnbte«xmoOn_wbh>); 
poitOMFUT^  ki  bit; 

CKjmrti  out  hUjfi 
end  oonponom; 

oomnonent  outJboflf 

leneric  (l^^Yitiine;IMNOUl^iniei(rVDI>ae^ 
TSMBBRATUREmd; 

OUT^UITJTABLB:oelLvaluM:<«wericJaMe8.oi^^ 
pMtdNFUT.  in  bit; 
oumm  out  bitx 
end  component; 

oonnponent  cmoejnd 

|enBdc(DBlAYitiineiEANCHnanteter,V^^ 

lEMFOlAIURBaeal; 

CMOSjMJLTABIJ;celUinlue8»«woriLtildimcnioejM4^ 

p(Kt(INFUn  in  bit; 

OUnVR  out  bit); 
end  component; 

component  inv 

generic  (DBLAI^timeiEANOUTUntefer.VDDaenl; 

lEMFGRArURBneal; 

INVJTABUxelLvaliieB^Bworic  iablesJnvjudile); 
po(t(lNroT^  in  bit; 

OUmXR  out  lit); 
end  component; 

component  nnd2 

generic  (PELAY:tiine;FANCXJT.inte^^  ft; 

VDDtieeblBMFERATUREaeel; 
NAND^TABI^»ea.vnlue8?«wodLinbleg.nend3Ltit>le); 
portONFUTl:  in  bit; 

INPUT2:  in  bit; 

OUTPUI^  out  lit); 
end  component; 

component  nmd3 

generic  (DmAY:timeiFAhKXn^in(eger4NinmAYdin^  &; 
VDDaeebXBMFERAnJRBaeel; 
NAND3_TABLExeU_vaiues:-woric.tnble8JMUid3_t^^ 
port  (INFUTl:  in  bit; 

INPUT2:  in  bit; 

INPUTS:  in  bit; 

OUTPUT  out  lit); 
end  component; 
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coin|WiMU  immM 

lemric  (DBIAYitiiiMinVNOin^  ft; 

VDDactmBMRBRArURBaMl; 
NAMD4.TABLBxelL'<nftieR«ira^ 
poftQNFUTl:  in  bit; 

1NPUT2:  in  bit; 

INPUTS:  in  bit; 

INFUT4:  in  bit; 

OUTFUR  out  bit); 
endoomponent; 

component  na2 

tenecic  <7»LAKtiroe;IV^NOUT^in^^  ft; 

VDDaenkTBMFQtAiiURBaonl; 
NOit^TABIAxelLviftieKnwortc.t>MetJioigj^^ 
pottONPUTl:  in  bit; 

INPUTS:  in  bit; 

OUTPUT  out  bit); 
endoomponent; 

component  noiS 

peneric  (DiBlAYttimeiIVU4CXn^inte(erINinXLAYiime>0  ft; 
YDDneeUlEMFERATURBaei]; 
NOiGjrABl£»elLvalueK«wat.ii])lo8Jior3jiable); 
poftQNPUTl:  in  bit; 

INPUTS:  in  bit; 

INPUTS:  in  bit; 

OUmn^  out  bit); 
endoomponent; 

component  noe4 

tenetic  (DeiAYitiine;IVU40UrJniBt^^  ft; 

VDDneeI;'ISMFBRArURB3eel; 
NOR4jrABL&xelLvaioes:«<worLtaIdesjKn4.tdbte); 
port(lNPUTl:  in  bit; 

INPUTS:  in  bit; 

INPUTS:  in  bit; 

INPUT4:  in  bit; 

OUTPUT  out  bit); 
endoomponent; 

conyonent  encc 

generic  (lMAYnime;nU40UTineBier.VDD3eel; 
TEMFERAIUREaeil; 

EXOiLTABLB:oelLvalii6t:«wo(fc.tables.cxor_table); 
poftONPUTl:  in  bit; 

INPUTS:  in  bit; 

OUTPUT  out  bit); 
endoomponent; 

conqwnent  d£LpedgjrtMr 

gmieric  (QJRANOUT^integer,  QNJPANOUTinieget; 

VDDaeil;  TEMFERATUREaeeD: 
port(D:  in  bit; 


12» 


tttititiffffimfifttiif  i 


CLK:  ia  Ui; 
RBSEI^  in  Ml; 
Or.  out  Ul; 
^lAR:  oat  Win 
Mid  oonpoowtt 


fMMric  (QJV^NOUTJaieter  QN J>ANCXminHfM; 

VDDaMd:  IBMratOatjREaanO: 
pon(P:  in  fclt; 

CLK:  in  Me 
REJBT  in  Me 
SER  in  Me 
Q:  out  Me 
QBAR:  out  Ml); 

M4ooiiqx>iMae 


~AllrifMlnMnaioan«|X)iidioiteMlFdl»ri|iMlnaniei(«toe|itfl»ite  - 
-SdgnwIiichisnntMvedclMnciBrinVHDL)  teettycnanfiMMioe  - 
~  with  te  derign  dnnifingn  wMch  Iran  iiodncod  ftom  n  mMOor  tnphlcti 
—  wnfcmtknu  — 


rignaiVOC:Mi:«*r; 

|iid:Me-‘0*; 

N17^102JNlQ7^29i413lN143  jn44J«4KM154,mSSjnS6^157  J43:  Me 
N160J<16Ml73J«174J4180J4184jn90jn96W*Q9J011JQ14Ji34:  Me 
N9S3J49SS^39J4961,N968J074J«76J«79.N983J4N8,N995J4997:  Ui; 
N1001^1004^(IOKN1013J41017J«101WQe0^1046^0S3W056;  Me 
N1063J4US0^1S4JfUS9Jfll61J<ni7Sjni81^184J4U96^1M;  Me 
N1201^mi^l226J41234^123d^N1266J4128Sjn293^94SJO4«J«48:  Me 
N130IJ41303J^1313,N1316^32S/I1329J41341^1343^344JI1348:  Me 
N13SfN13SdJ«13S9^13«LN1381^1389J41394^1398,N384S;N2M6:  Me 
N1400Jfl404^140SJ4141SJ41417J4l418J4i420^1431^44LN1446:  Me 
N1447J«1449J414S2J414SKN14d8J4146»J<1471Jfl472jn474W478:  Me 
N1489^149SJfi496JflS02JliS04^1S06J«lS09JilS16WS33J«lS34:  Me 
NlS39^1S44^1S43J«lS48^1SS0,NlS59J41Sfi2JflS7LmS81jnS82:  He 
N1601^16Q2j41722J4172SJfl733J<1748^17SOJfl7S6^763^767:  He 
N1778^1780J41781J«1793JN1797J4179BJ41799^1800;«ia01^803:  Me 
N1881J41887Jll894^189S,N1897jn899J^900^1902ja903jn907:  He 
N190SJI191U>ll914^1916^92aN1922W934jn940^94l^l943:  He 
N1946^1948^19S0J«19SlJil9S3Jll961^1962^1964J«1966,N1968:  He 
N1973^1974^1977J41984Jfl987J41989^1991JN1992J41997J42001:  He 
N20()3^200SJ<2006J<K)09J<»13JQ201,N2491,N2407,NM264^  He 
N2439J^2J42443J«24d7JQ469J42472JQ474^7SKM77J42479:  He 
N2481,N2483,N2484JQ48S;a4<7J0489j«2493JQ494;a497.N2499:  He 
N2500.N2S02jOS07J42Snj«2SlSJ42S17JQSi8,N2S21JOM3J42844:  He 
N28471I2848J0849,N28SOJ428S1J428S2J<28S3,N3SS4JQ8SSJ428S6;  He 
N28S7;428S8,N2860,N2861,N2862442863JQ864,N28dS.N2866,N2S67:  Me 

fornU:  cnioi.MunendefwortLcmoOa(bQb«iionI); 
fornD:  caio«.jMdunMi^wQricxmanjNH(lMhnvteaO; 
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ftiraS:  ouCbufF  use  entity  woricxuU>affl[be^^ 

forall:  inv  use  entity  iraAJnv(belwvknlX 

forsn:  nand2  use  entity  woifc.9and2(beiievion^ 

for  sll:  nandS  use  entity  woriuiand3(belinvionl): 

for  an:  nand4  use  entity  iradc4iand4(bel»vi(x^ 

foraU:  iicn2  use  entity  wariuiai2(beiutvioai): 

foraU:  nor3  use  entity  iraduici3(beliawi^ 

foraU:  n(M4  use  entity  inxluiQr4(befinviacBl); 

foraU:  em  use  entity  woricjezorQidiavioraO: 

foraU:  <MU)e<ig_ttMr  uw  entity  woriLdgj>sdUJbei(sinict); 

foraU:  dfLpedSJifoariiM  entity  waricjd(Lpsdg_sfoai(stnM^ 

11301:  cmosjn 

generic  map  (DELAY«>1  n.  FANOUT->2,  VDI>->VDD.  lEMFERATURE-olEMFERAIURE) 
port  map  (CLOCK.N2401): 

I13Q2:  cmos_jMKl 

generic  map  (DELAY«>1  u.  FAN0UT->1.  VDD->VDD,  miPEIbm]RE->TEMPERArURE) 
port  map  (N2360J5WENAN); 

11304:  cmos_in 

generic  map  (DELAY»1  ns.  FANOUT«>3.  VDIV>VDD.  TEMFERATURE-^miFCRAniRE) 
port  map  (RSTSW.N2407); 

11307:  cmosjn 

generic  map  (DELAY»1  ns.  FANOUT^l.  VDI>»V1>P.  lEMFOtArURE-^lEMFERAIlJRE) 
port  map  (SWHOLDN.N1417): 

11309:  cmosjn 

generic  map  (DElA]r<»l  m.  FAN0UT«>1.  VDD«>yDD.  TEMFERATUREoTEMPERAniRE) 
port  nug>  (EXHOLDNJ^1418); 

11311:  cmos_in 

generic  map  (DELAY»1  ns.  FANOinv»2.  VDI>->VDD.  TEMFERAmRE-o>'IEMFERArURE) 
port  map  (TCHFFNJflSOS); 

11313:  cmos_pad 

generic  map  (DELAY«>1  ns.  FANOUTii>l.  VDDb>VDD.  lEMFERATURE-^lEMFERArURE) 
port  map  Q4^1  JINE): 

11314:  cmo6_pad 

generic  map  (DELAY->1  ns.  FANOXn'->l,  VDDoVDD.  TOMFERArURE<>>TEMF!BRAniRE) 
port  mq)  (N2B66JHOME); 

11316:  cmos_in 

generic  miq>  (DELAY>>1  ns,  FANOUTa>4,  VDDa^VDD.  TEMFERAniRE^lEMFERAnjItE) 
port  map  (LliMN.N1881); 

11320:  cmo6_i)ad 

generic  map  (DELAY»1  ns.  FANOin'->l.  VDD->VDD,  IEMFERArURE«i>lEMFBRArURE) 
port  map  (NM38,TUNE): 
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11321:  cmosjMd 

generic  nu^  (DELAY»1  ns,  FAN0UT«>1.  VDD^VDD,  lEMPERArURE->'IEMFBRATURE) 
post  map  (N^64  JtLEGFF); 

11322:  ciiios_pad 

generic  nuq)  (DELAY»1  ns.  PAN0UT«>1.  VDI>»VDD.  TEMPERATURE^^IEMFERATURE) 
pent  mip  (N2442JMORMAL); 

11323:  emosjn 

generic  m^)  (P^1JX*>1  ns,  FANOina>2,  VDD^VDD,  lEMPERATUREi^TEMFERAIllRE) 
post  map  (EtLTJ42443); 

11328:  emosJn 

generic  miy)  (I%LAYa>l  ns,  FANOUTol,  VDDoVDD,  TEMPERATURE^IEMFERAIURE) 
port  map  (VIffHI,N1458); 

11329:  cmcM:_in 

generic  map  (DELAYa>l  ns.  FANOUT»>6,  VDD->VDD,  TEMFERATUREaC^IENffERATURE) 
port  m^  (RGTJN1763); 

11332:  emosjn 

generic  map  (DELAY»1  ns.FANOUT*>l.  VD1>»VDD.  TEMPERArUSE->TEMFERArURE) 
port  map  (PLTJf 1539): 

11333:  emosjn 

generic  map  (DELAYol  ns.  FAN0UT»4.  VDD>»VDD.  TEMFERArUia3>c>TEMPERAIURE) 
port  map  (POTJJ1722); 

11334:  cmosjttcl 

generic  map  (DELAY»1  ns.  FAN0UT«>1.  VDD->VDD.  TEMPERArURE-c>TBMFERATURE) 
port  mq)  (N2469  JISTFUL); 

I133S:  cmos.in 

generic  imp  (DELAY»1  ns.  FANOUT»l.  VDD»VDD,  1EMFERAnJKE>e»lEMFERATiniE) 
port  map  (PMAXJM1781): 

11339:  inv 

generic  map  (DELAY»1  ns.  FANOin'»l.  VDD^VDD,  lEMPERArURE->1EMPERATURE) 
port  map  (N94S  J42467); 

11341:  inv 

generic  imp  (DELAY«>1  ns,  FAN0UT->1.  VDD->VDD,  miFERAlIlKE->TEMFERATURE) 
portm^(N24672«851); 

11344;  inv 

generic  imp  (DELAY«>1  ns,  FANOUT»l.  VDI>»VDD.  TEMFERArURE<->lEMFEltArURE) 
port  map  (N948 J42472); 

I134S;  emosjpad 

generic  map  (DELAYi*>l  ns,  FANOlJTa>l.  VDIV>VDD,  TEMFERATURE^IEMFERATURE) 
port  map  (N2850JEXEQ; 

11347:  inv 

generic  imp  (DELAY»1  ns.  FANOUT»l,  VDD->VDD.  TEMFERArURE->1EMPLSATURE) 


132 


poft  msp  (N953 J!^75); 


11348:  inv 

generic  map  (DELAY»1  ns,  FAN0UT->1.  VDD«>VDD.  lEMFERArURE->IEMFERAIURB) 
I)Ortiiug>(N2475,N2849); 

11349:  cmos_pad 

generic  map  CDELAY»1  ns.  FANOUT«>l.  VDDoVDD.  lEMFERATURE^lEMFERAnJRE) 
port  map  (N2474.ENPCTR); 

I13S1:  inv 

generic  map  (DELAY»1  ns,  FANOUT:«>l.  VDI>»VDD,  TEKfFERAnJRE-(>IEMFERAIURE) 
port  map  (1^  JI2477); 

II352:  cnK»_pad  _ 

generic  mq»  (DELAY»1  ns,  FANOlJTs>l,  VDI>b>VDD,  lEMFERATURE^TEMFERArURE) 
port  map  Q4K48  JX^MD); 

I13S4:  inv 

generic  map  (DELAY»1  ns,FANOUT«>l,  VDD->VDD,  rnffERATURB-^IEMFERArURE) 
port  map  0^1S6,N2847); 

I13SS:  cmos_pad 

generic  map  (DELAY->1  m.  FANOUr->l.  VDI>i«>VDD,  ‘IFMFERAnjRE»lEMPERA[URE) 
port  map  (N2479 JriODSAMFM): 

11358:  inv 

generic  map  (DELAYi«>l  ns.  FAN0UT«>1,  VDD»VDD,  mffGRAnJRE-c>1EMPERATURE) 
portmq>(N2481J42484): 

I13S9:  inv 

generic  map  (DELAY»1  ns.  FANOirf»l,  VDD->VDD,  ‘IEMFERArURE«>TEMF6RAnjRE) 
port  map  (N2484J42483); 

11360:  cmos.pad 

gencdc  nug)  (DELAY»1  ns.  FANOUT-ol,  VDD-»VDD.  TEMPERATUIOEiC'lEMPERArURE) 
port  mqp  (N2B46JENPSIG); 

11362:  inv 

generic  map  (DELAY«>1  ns.  FAN0UT->1.  VDD»VDD.  lEMFERATURE-^TEMFERATURE) 
port  map  (N248SKt84S); 

11363:  cmos_pad  _ 

generic  mq)  (DELAY»1  ns.  FANOUTol,  VDI>->VDD.  IEMPERArURE>>lEMFERAnjRE) 
port  map  (N24871tMlNUSl^: 

I136S:  inv  _ 

generic  in^>  (DELAY»1  ns,  FANOUr»l,  VDDoVDD.  TEMFERArURE->‘IEMPBRArURE} 
port  map  (N211.N2489); 

11366:  cmos_pail  _ 

generic  iiuq>  (DELAY»1  ns,  FANOUT»l,  VDD»VDD,  TEMFERArURE»TEMPSRArURE) 
port  map  (N2844JtFLUSN); 
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11369:  inv 

generic  map  (DBLAY»1  ns.FANOUT->l,  VDD->VDD,  TEMFERArURE-olBMPERATURB) 
p0ftiiug>(N154J^94): 

11370:  inv 

generic  map  (DELAY»>1  ns.  FAN0UT->1.  VDD->VDD,  TEMFERArURE->TEMPERAIVRE) 
po(tmv(N2494.N2843): 

11371:  cmos_pad 

generic  map  (DELAY->1  ns,  FAN0UT->1,  VDD-oVDD,  1EMFERAriJRB>c>1EMFERArURE) 
post  map  (ra493.SEn>IR); 

11373:  cmos_in 

generic  map  (DELAY->1  ns.  FAN0UT»2,  VDI>->VDD.  lEMFERArURE-(>lEMP<lRArURE) 
port  map  (rCl.N1780): 

11374:  inv 

generic  map  (DELAY«>1  ns.  FANOUTs>l,  VDDb>VDD.  TBMFERAniRE->lFMPER>7l}RE) 
port  map  (N2497J42499); 

I137S:  cmo$_pad 

generic  mig>  (DELAY->1  ns.  FANOUT=>l.  VDD-»VDD.  lEMPERAItIRE->lEMPERArURE) 
port  map  (N28S3  JULSEDIR); 

11377:  inv 

generic  nug)  (DELAY»1  ns,  FANOUTol.  VDDk»VDD.  TEMFERAI1»E^1EMFERATURE) 
port  map  (N2S00J42852); 

11378:  cmos_pad 

generic  mq>  (DELAY»1  ns,  FANOUT»l,  VDD«>VDD,  TEMFHlAnJRE->'IEMPERArURE) 
port  mq>  (N2^02J>IR); 

11382:  inv 

generic  nug)  (DELAY->1  ns,  FANOin'->l.  VDD->VDD.  TEMPERArURE->‘IEMFERAnjRE) 
port  map  C4995 J^2S07): 

11383:  cmo6_pod 

generic  map  (DELAYol  ns,  FANOUT»l.  VDI>->VDD.  TEMFGRATUR&olEMPERAnJRE) 
port  map  (N2B67,CRSE); 

I138S:inv 

generic  map  (DELAY»1  ns.  FANOUr»l,  VDD»VDD.  TEMPERAnJRE»*mMFERAIlIRE) 
port  map  (N968Jf2Sll); 

11386:  inv 

generic  map  (DE1AY»1  ns.  FAN0UT->1,  VDDb>VDD.  TEMPERATUREi^’IFMPERArURE) 
port  map  (N2S11J428S5); 

11387:  cmos_pad 

generic  map  (DELAY->1  ns.  FANOUT»l.  VDD»VDD.  TEMPERATURE^IEMPERAIVRE) 
port  map  (N28S4£XDISN): 

11389:  cmos_in 

generic  map  (DELAY«>1  ns.  FANOUT«>2.  VDD»VDD.  lEMFERATURE^’ISMPERATURE) 
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port  map  cnJNEIl5TN1992); 


11391:  inv 

generic  nu^  (DELAYol  ns,  FAN0UT»1,  VDl>oVDD.  TEMPERAn]REi<>>IEMFERAniRE) 
poitmap  (N2515JCS18); 

11392:  inv 

generic  map  (DELAY^l  ns.  FANOUr->l.  VDI>»VDD.  'IEMPERArURE»1EMFERAIURE) 
port  map  912S18J428S7); 

11393:  cmos_pad 

generic  map  (DE1AY->1  ns.  FAN0UT»1.  VDD-oVDD.  lEMFERAItJnB>9>1EMFERAIURE) 
port  nup  (N2517JRCnt.); 

I139S:inv 

generic  map  (DELAY«>1  is.  FANOUr»l.  VDD»VDD.  IEMPBRAIl]RE->TEMFERAnJRE) 
port  mip  (N1301 J12521)'. 

11396:  cmos_pad 

generic  imp  (DELAY^l  ns.  FAN0UT»1.  VDDO'VDD.  IEMPmiArURE<>‘rBMFERArURE) 
port  map  (N28S6JIOLD): 

11399:  cfnosjn 

generic  m^  (DELAYs>l  ns.  FANOUT^ol.  VDDs>VDD.  TEMFERATURE-c^IEMPERAnjRE) 
port  imp  (NOTUNE.N1778); 

11701:  ouLbuff 

generic  map  (DELAY«>1  ns,  FAN0UT»>1,  VDI»VDD,  'raMPERATUR&oTEMPBRAnJRE) 
port  map  (^55  JQ8S4); 

11702:  ouLbuff 

generic  imp  (DELAY*>1  ns,  FANOUra>l.  VDl>iC»VDD.  TEMFERArUR&olEMPERATURE) 
port  map  (N28S1J42469); 

11703:  ouLbuff 

generic  map  (ISLAY->1  ns,  FAN0UT->1,  VDI>»VDD.  'IEMFERArURE->'IEMFERAnJRE) 
port  map  (N2472J<i28S0): 

11704:  ouLbuff 

gmeric  mq>  (DELAYa>l  ik.FANOUT«>1.  VD1>=>VDD,  1EMFERArUREB>'mMPERAn]RE) 
port  map  (N2849J42474); 

11705:  ouLbuff 

generic  m^  (DmJVY->l  ns.  FAN0UT«>1.  VDD»VDD,  TEMFERArUREa^lEMPERATllRE) 
port  map  (N2477J42848); 

11706:  ouLbuff 

generic  m^  (DELAY*>1  ns,  FANOUTol,  'VD1»VDD,  lEMFER/irURE^lIiMFCRATUItE) 
pQrtmip(N2847J42479); 

11707:  ouLbuff 

generic  imp  (DELAY»1  ns,  FANOUr»l.  VDI>»VDD,  TEMFERArURE->lEMF6RA'n]RE) 
port  map  CNQ483J42846); 
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I170S:ouLbiiff 

generic  mq)  (IffiLAY»l  ns.  FANOUTol.  VD1K>VDD,  lEMPER/mJKE-^TBMreRAnjRE) 
port  map  (N^5JM2487); 

11709:  ouLbuff 

generic  map  (raBLAY»l  ns.  FANOUT^l.  VDI>->VDD.  mfPERArURE->'IEMPERArURE) 
poet  map  (N2WJG944); 

11710:  ouLbuff 

generic  map  (I»LAY«>1  ns.  FAN0UT«>1.  VDD->VDD.  TEIriFBRArUIOS->lEMPERAIt(RE} 
port  map  (N2843.N2493); 

11711:  ou|_buff 

generic  map  (DELAY»1  ns.  FAN0UT->1.  VDD^VDD.  1EMFERArURE->TBMPERArURE} 
port  map  (N2499.N28S3): 

11712:  ouLbuff 

generic  map  (DELAY«>1  ns.FANOUr->l.  VDDb>VDD.  TEMFERArU8E«>TEMPERATURE) 
port  imp  (N28S2J42502); 

11713:  ouLbuff 

generic  map  (DELAYol  ns.  FANOUTs>l.  VDD->VDD.  TBMPERAri]MB<>lEMFERAIl)RE) 
port  map  (N28S7.N2S17); 

11714:  ouLboff 

generic  map  (DELAYol  ns.FANOl]T»l.  VDD^VDD.  TEMFERAIIJKE>>1EMFERATURE) 
port  mip  9>12S21.N2r 

11715:  out_buff 

generic  map  (DELAY->1  ns.  FANOUTs>l.  VDD«>VDD.  TEMFERArURE-c^lEMFERAlIlRE) 
port  map  (1^58  J42860); 

11716:  ouLbuff 

generic  map  (DELAY»1  ns.FANOUTs>l.  VDI>»VDD.  TEMFERArUREic>'IEMFERAIURE) 
port  map  (N2862 JQ861); 

11717:  ouLbuff 

generic  m^  (DELAY»1  ns,  FANOUTs>l.  VD1>«>VDD.  TBMFERAniR&c^lEMFERAniRE) 
port  map  0^26  J42866); 

11718:  ouLbuff 

generic  imp  (DELAYol  ns.  FANOUTol,  VDDoVDD.  TEMFERATUREolEMPERAHlRE) 
port  map  (N2865JQ438): 

11719:  ouLbuff 

generic  imp  (DELAYol  ns,  FANOUTol,  VDDoVDD,  TEMFERATUREolEMFERAIURE) 
port  map  (^39,N2864); 

11720:  ouLbuff 

generic  imp  (DELAYol  ns.  FANOUTol,  VDDoVDD,  TEMPERATUREolEMPERATURE) 
port  mqp  (N2S63  JG442); 

11721:  ouLbuff 

generic  imp  (DELAYol  ns,  FANOUTol,  VDDoVDD.  TEMPERATUREoTBMFERAIURE) 


136 


poitiiu|>(ra5(r7JQ8$7); 


11201:  exor 

generic  map  (DELAY»1  is,  FAN0UT->2.  VDD»VDD,  TEMIERArURE«>lBMFERATURE) 
pert  map  <N1974^I1767 J<1973); 

11162:  exor 

generic  imp  (DELAY»1  is,  FANOUr»2.  VDI>->VDD.  lEMFBRAnjRE-olSMPERATORE) 
port  map  (N1S7J4196J<214); 

11161:  no(2 

generic  map  (DELAY»1  ns,  FANOUF->2,  VDD»VDD.  TEMFBRAnJRE->‘rBMFERA3URE) 
port  map  (N143U41562J41799); 

11141:  no(2 

generic  mip  (DELAY»1  ns.  FAH0UT«>1.  VDDb>VDD.  lEMFERArURE>>TEMFERAIURE) 
port  map  (N1181 J4117SJ41198); 

I91S:inv 

generic  map  (DBLAY»1  k.  FAN0UT«>2.  VDDb>VDD.  TEMPERArURE->lEMPERAIURE) 
port  map  (N1S4  J42013); 

1913:  inv 

generic  nup  (lXLAYs>l  ns,  FANOUT»l,  VDD»VDD,  IBriPERATUREiolEMCEIlAnjRE) 
port  map  (N1017J42009); 

1912:  inv 

generic  map  (DELAY»1  ns.  FANOl]T»l.  VDI>«>VDD,  TBMFERAIVRE<»1EMI'GRATI^ 
port  map  Q41934JN2006); 

1911:  inv  _ 

generic  map  (DELAY«>1  ns,  FAN0UT«>1.  VDDiO>VDD,  lEMFERATUR&i^'IEMFERAIURE) 
portm^(N2001J42003); 

1909:  inv 

generic  mq>  (DELAY^l  ns,  FANOUr«>l,  VDIVoVDD,  IEMFCRArUREs>‘IEMPERATURE) 
port  map  (N1161^1997): 

1907:  inv 

generic  map  (DELAYs>l  ns,  FANOUT»l,  VDD^VDD,  TBMFERATURE^IEMFERAnJRE) 
port  map  (N1992J^1991); 

1906:  inv 

generic  map  (DELAYiol  ns,  FANOUr»l.  VDDoVDD,  lEMFERATUREaolEMFERATURE) 
port  map  (N1987Jf 1989); 

1903:  inv 

generic  map  (DELAY>:>1  ns.  FANOUT«>l,  VDD»VDD.  TBMPERArURE»'IEMFERArURE) 
portmq>(N1966J41977); 

1902:  nor2 

generic  roq>  (DELAYa»l  ns,  FANOUTiol,  VDI>b>VDD,  TEMFERATUREioTEMFERArURE) 
port  map  (N1968J41973341966); 
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1901:  inv 

genetic  inq>  (DELAY»1  ik.FANOI)T«>1,  VDDiOVDD,  TBMFERArURE>>TEMPERArURB) 
port  map  (N1962J71964); 


1892:  inv 

generic  imp  (DBLAY»1 »,  FANOUTol.  VD1>->VDD.  lEMFERAn;RE->TEMFERArURB) 
poet  map  (N1948Jf  1951); 

1891:  inv 

generic  map  (DELAY«>1  ns.  FANOUT»l,  VDDoVDD,  imffER>ai]RE>oTEMFERATURE) 
port  map  (N1478J4194^; 

1890:  inv 

generic  map  (DELAY»1  ns.  FANOUT»l.  VDD^VDD.  TBMPERArURE«>TCMFERAnjRE) 
port  map  (N1940.N1941); 

1889:  inv 

generic  map  (DELAY»1  n$.  FAN0UT->1.  VDD->VDD.  TEMHBR>m]RE->TEMFERAnjRE) 
port  map  (N1922JN1797); 

1888:  inv 

generic  nup  (DELAY«>1  ns.  FANOUT»l.  VDDoVDD.  TEMPERArURE«>TEMPBRAlXJRE) 
port  map  0^1914JI1916); 

1887:  inv 

generic  map  (DELAY>ol  ns.  FAN0UT«>1.  VDI>»VDD.  lEMFERATURE-^TBMFERAlTJRE) 
port  map  (N1920J41911): 

1886;  inv 

generic  map  (DELAY»1  ns.  FAN0UT«>1,  VDI>->VDD.  mfFERArUREs>TBMFERArURE) 
portmv(N1908J41907); 

1885:  inv 

generic  map  (raLAY->l  ns.FANOUT->l.  VDD^VDD.  miFERAIIiRE->TEMFERArURE) 
portiiw  a903.N1798); 

1884:  noi2 

generic  imp  (DELAY»i  ns.  FANOUT»l.  VDD->VDD.  TEMPERArUBE>>TBMPERAnjRE) 
port  m«  (N1303 J41572J^1903); 

1883:  inv 

generic  map  (DELAY»1  ns.  FANOUT»l.  VDD»VDD,  TEMFERArUKE->TEMFERArUR£) 
port  map  (N1899.N1897); 

1882:  inv 

g«  .  -i(DET  1  1  ns.FANOUT»4.VDD»VDD.TEMPERAnJRE»'IEMFERArUK£) 

port  map  (N18S^/41895); 

1811:  dff_pedg.sriMr 

generic  map  ((i_FANOUT->  9.  QNJFANOUT->  1,  VDD->  VDD, 

TEMPERATE  r"  >  lEMFCRArURE) 
port  mq>  (Ni8o0Jf  <  v%^>il907Jil801  Jfl420.cpen); 
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1810:  inv 

generic  nug)  (DELAY->1  ns.  FANOUT»>9.  VDl>s>VDD.  TEMFER/miRE^TEMPBRATlJRB) 
port  msp  (N1420 J4200S); 

1786:  inv 

generic  imp  (DBLAY«>1  ns.  FANOUT->2.  VDDoVDD,  TEMPBRATUBE-c^IEMPBRAIURE) 
patiiup(N19S0.N19S3); 

1784:  itaiidS 

generic  nup  (DELAY^l  ns.  FAN0UT»1.  VDI>»VDD.  TEMF!ERAlinRE>c>'IEMPERAnJItE) 
port  msp  (N1478.N1940J4983 Jfl987); 

1783:  n8nd2 

generic  nup  CD£LAY»1  ns.  FANOUT»>l.  VDDs>VDD.  m«FGRAriJKEs>TEMPERAnJRE) 
port  map  (N1495 1506 J41733): 

1782:  dfLpedgjatar 

generic  mip  (Q_FANOUT=>  3.  gNJlANOUT-o  1.  VDI>=>  VDD. 

lEMP!ERAnJR£s>  lEMRERATURE) 
port  map  (N1941  J41951.N1943 J41478 J41725,open); 

n81:noi4 

generic  mq)  (DELAY<b>1  ns.  FANOXJT«>3.  VDI>=>VDD,  TEMFERATURE^TEMPERATUSE) 
port  map  (N1468J41420J41472J41756JN1478); 

1779:  nor* 

generic  map  (DELAY^l  ns.  FAN0UT«>1.  VDI>a>VDD.  1EMPERArURE=c>TEMPEP  ATLJRE) 
port  map  (N1934J41799J41601.N1415JN1920): 

1653:  namB 

generic  nup  (DELAY=>1  ns.  FANOlJT«>l,  VDD=>VDD.  lEMFERATUREioIEMFERATURE) 
port  map  (N1159.N1803J41431.N1161); 

1652:  noi2 

generic  nup  (DBLAY=>1  ns,  FAN0UT=>1,  VDD=>VDD,  TEMreRArUREso^lEMPERArURE) 
port  map  (N1582J41502.N1581); 


~  Some  gale  instantiations  required  an  initial  delsf  because  diey  were  paiied- 
-widiothergatestofinmaFlip-Floppatlemthatwouldhaveaniindefined- 

-  state  )riien  simulation  began.  Ibol^theiaceconditionindiefeedback- 

-  loop  one  of  the  gates  in  the  pattem  was  given  a  l£s  delay  to  wait  unjl  -- 

~  the  other  had  received  and  responded  to  its  input  - 


1651:  nor3 

generic  map  (DELAY=>1  ns,  FAN0UTO2,  rNTTOELAY-ol  fc.  VDD*>VDD, 
TEMPERATURE^olEMPERATURE) 
port  map  (N1581JM1756J41763J41502); 

I64S:nand4 

generic  nvq>  (DELAYs>l  ns,  FAMOUraE>l,  VDDaB>VDD,  TBMFERAnJREs>TBMPERATURE) 
port  map  (N1962J41533J41S16J41559J4156Z); 
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I643:iUHid2 

gmeric  IMP  (DBIAir-ol  M,PANOUTk>l.  VDD->VDD»TSMFeRArURE-c>TEMPSitAIl^ 
po(t  IMP  (N1SS0^4S8^1SS9); 

K4l2inntS2 

generic  map  (DELAY«>1  m,FAN0UTW>2,  INTICBLAY-ol  h,  VIXD^VDD, 
TEMFERArURBio>ISMFERArURQ 
port  map  (N1S4S,N1756,N1S50); 

ie41:iiand3 

generic  map  (DBLAY»1  n8,FAN0UTV  >1,  VDD->VDD.  IBMFBRATURBi^TBMFeRATURE) 
pntinap  (NlS48JllS44jn550J41S45); 

I640:nand3 

generic  map  (DBLAy»l  ns.FAhOUT-01.  VDD->VDD.  TBMlCRAnJREoTBMPBRAnJRE) 
port  map  (N13S6J417S6Jll7fi3  J41S44); 

1639:  nci2 

generic  map  (DBLAY»1  na,  FAN0UT->1.  VDD->VDD»  tEMPERATURBic^'IBMPSRAriJRB) 
pot  map  (N1S39  1722JN983): 

I638:naiid3 

generic  imp  (DBLAY->1  na.  FAN0U1W>2.  VDD^VDD.  TEMFBRArURE>(>T&MF6RAIl]RE) 
port  map  (N19S0^1763J(f 1767 1334); 

I637:nand3 

generic  map  (rBLAY«>l  ns.  FAN0UT«>3.  VDD->VDD,  TEMPERATUK' 
port  map  (N1489J«1S34.N1763 J^1S33): 

1633:  dELpedgjriiar 

generic  map  (OJANOUT-o  2.  QN.FANOUTi^  1,  VDD->  VDD, 

'IEMPERArURE->  lEMPERAFJRE) 
port  map  (N1733Jfl961J^19S0J42S00.open); 

1633:  noi2 

generic  map  (DBLAY->1  ns.  FANOUTVo^  ]FTn»LAY-e>l  ft,  VDD->VDD. 

TEMPERArUREi«>lEMFERATURE) 
port  map  (N1382J*1174gJ^1316): 

1632:  nor2 

generic  map  (D&LAYiol  ns.  FANOUT^2.  VDD->VDD.  TEMPERArURE«>lEMPERAIl}RE) 
port  map  (NlS16J«lS04Jfl748); 

I630:nand2 

generic  iiup  (PELAY->1  ns.  FANOUTaOl.  VDD->VDD.  1EMPERArURE->lEMPERAriJRE) 
port  nap  (N1962.N1940 J^1S09); 

I629:nan42 

generic  map  (DELAY->1  ns.  FANOUT>i>l,  VDD->VDD,  lEMPERATURE-^lEMFERAIURE) 
port  map  (N1767JflS33  Jfl306); 


1628:  nof2 

generic  map  (DELAY»1  na,  FANOUT»l,  VDD^VDD,  lEMFERATUBEi^TEMPERAnJItE) 
port  map  (N1509 JflS02J41304); 
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1627:  noi2  _ 

generic  iiug»  (DiELAYa>]l  ns,  FAN0inw>4,  VDI>^VDD,  lSMF6RArUI(B>0>1BMFfiRAIURB) 
poet  IMP  (H1496^14691f 1940): 

1626:  tov  _  _ 

generic  map  (DELAYb>1  ns,  FANOUTii>2,  VDD^VDD,  TBMFERATUREi^'IBMFSRAnJRB) 
port  map  G^1S33  J^1469); 

1625:  inv 

generic  map  (DBLAYa>l  ns,  FANOUl^l,  VDI>iO^VDD,  ISMFBRATUREi^TBMFERAIIJRB) 
port  map  (^149SJM1496); 

1623:  nand2 

generic  nug)  (DELAY»1  ns,  FANOUTb>2,  VDDb>VDD,  TBMFBRArURE»TEMRBRArURE) 
porting  (N2443J41763J^1489X 

1622:  nand3 

generic  nug)  (DELAYb>1  ns,  FAN0UTO2.  VDD^VDD,  TEMPERATUREK>TEMiCRATURB) 
port  mig>  (N2443 J41489 J^1S34JN149S); 

1620:  noi2 

generic  m^  (DELAY«>1  ns,  FANOUr»l,  VDI>«>yDD,  TEMFERATURE^IEMFERATURB) 
portinig)  (N1946,N1961,N1948); 

1618:  nand2 

generic  map  (DELAYr-^l  ns.FANOinw>3,  yDI>B>VDD,  lEMraRATURE-cxTBMFBRArURE) 
port  map  (N1472,N1474Jf 1750); 

1617:  nand2  _ 

generic  m^>  (DELAY»1  ns.FANOUT^l,  VDl)»yDD,  TEMDPCRArURE-c^TCMFERATURE) 
portmip  (N1471,N1469,N1442); 

1616:  inv  _ 

generic  nug>  (DELAY»1  ns,FANOlJT«>l,  VDDiiO>VDD,  TEMFCRATURE^TEMFERATURB) 
portmip(N1471jn452): 

1615:  inv  _ 

generic  nug>  (DELAYb>1  n$,FANOUTa>l,  VDI>oVDD,  lEMFERATURE^TEMFERATURB) 
portnug>(N1953JG862); 

1614:  inv  _ 

generic  nug>  ii)ELAY«>l  ns,  FANOin'->l,  VD]>i>VDD.  lSMFKlArUBEa>TBMFERArURE) 
portm4)(N2005jQ426); 

1613:  inv 

generic  nug>  (DELAY«>1  irt,  FAN0UT>>1,  VD1>»VDD.  TBMFERArUREaoTBMPERATURE) 
portnug>(N1431J42863); 

1612:  inv 

generic  nug>  (DELAY«>1  vs,  FANOUTk>1,  VDI>b>VDD,  TEMFERAri]RE<iiC»TEMF6RArURE} 
port  map  (N1452J42865); 
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I6U:kiv 

generic  map  (DB1AY«>1  m,PANOUTW>l.  VDD->VDD.1BMPERAIURB>»lBMFBIuaURB) 
poAiiup(N172SJI1449); 

1610:  inv 

generic  map  (I%tAY»l  ns,  FAN0UTW>1,  VDDii>VDD.  lEMFERATURBii^TBMnSRArUitB) 
poitnup(N1449,N2439): 

I609:nand3 

generic  map  (raLAYa>l  ns,  FANOUT^l,  VDDioVDD,  TEMFERiOTJRBiiO^ISMFSRAraRB) 
poa  map  (N17S6J«1767,N1446Jf 1447); 

I606:imnd3 

generic  imp  (DELAY»1  m,  FANOinw>2,  VDD»VDD,  ’nBMFERAnJBB-^TBMFBRAIURE) 
poet  imp  (N107  1442J417S0JN1601): 

I607:naMl2 

generic  imp  (DBLAYa>l  ns.  FANOUTa>2,  VDD^VDD,  TBMFSRATlXRBioTBMPBItATUItB) 
port  map  (N1447,N16Q2J4141S); 


1604:  inv 

generic  map  (lffiLAYa>l  ns,  FANOUT«>3,  VDDi«»VDD,  TEMFSitAJUBBii>IBKfFBRArURB) 
poet  imp  (N17S6,N1431); 

I601:iioc2 

generic  map  (ISlAY-i>l  ns.FANCKrr«>2.  INTIDELAYi^^l  fi,  VDDm>yDD, 
lFMFERATXJR&<>TEMPERAnJR£) 
poet  mv  (N1471 J41446J41S48); 

1600:  nof2 

generic  mv  (DELAY«>1  ns,  FANOinu>2,  VDD«>VDD,  mfPERATORE-^ISMICRAnjRE) 
poet  imp  (N1S48  J41420J>f 1446); 

I599:ik)i2 

generic  map  (DELAY*>1  ns,  FANOUTa>2,  VDDw^VDD,  ‘HBMFERATUREio'ISMFCRArURE) 
poet  imp  (N1234J41881  J4i800); 

I598:iK)f2 

generic  map  (DELAY->1  ns,  FANOUT«>l,  VDD»VDD,  miFERAI'UKSN>1BMPERAniRE) 
poet  m^)  (N17S6,N19S0J41234); 

IS97:iiand3 

generic  map  (DELAY>ol  ns,  FANOinV>l,  VD1>->VDD,  TSMPERATUR&^IEMFERATURB) 
poet  map  (N2401J41417J<fl418Jll894): 

IS94:noc2 

generic  imp  (DELAYa>l  ns.FANOUT«>l,  VDD^VDD,  TBMPERATUREi^'IEMPERATURE) 
poet  map  (N1911  J>fl800J41914); 

IS91:  noi2 

generic  map  (DELAY»1  ns,  FANOUT»2.  VDDioVDD.  miP6RAnjRE->lEMFERAIURE) 
poet  (N1400 1293 J41404); 
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IS90:noi2 

fenericiM|>(DBLAY->l  n,PANCXnh>2,INm]fiLAYi»l  ft,  YDDm^VISD, 
lEMFBRATURBii^lSMFBRArURB) 
pon  mip  (N1404^1341,N1293); 

lS89:Mnl2 

generic  lup  QIBLAY^l  iii,PANOirN»3.  VDD^VDD,  TBMFEIUmjRBioTBMPBRArURE) 
port  nup  (N1803,N132S^13Q3); 

I588:aand2 

generic  map  (DBLAY>»1  iie,PAN(XJTb>l,  VDDiOVDD.  ISMFSR^OVREi^TBMFBRAIURB) 
portmip  (NM04J41S82.N132S); 

1587:  inv 

generic  n^)  (DELAYi^l  ne,  FAN0171W>1,  VDD^VDD,  TEKOCRATUSE^IEMPBRAIURE) 
port  IMP  (N1329^1400); 

ISS&iiukB 

generic  nup  (DGLAYa>l  ns,  FANOU1W>|  ,  VDD^VLD,  TEMFERATURB^IEMPERArURE) 
port  IMP  (N142aN1887J«1329); 

1585;  inv 

generic  IMP  (ISLAYaol  m,  PANOUTa>l.  VDDa>VDD,  TEMFSRAITJIffi^'IEMnBRArURE) 
port  IMP  (N1398^12858): 

I584:iiqc2 

generic  map  (CSLAYa>l  ns.  PANOOT>ol,  VDI>«>VDD,  1£MFERArUKE<>TBMimATURE) 
port  map  (N1394 JQ407,N139G); 

1582;  inv 

generic  map  (DBLAYaol  ns,  FANOUToS,  VDI>»VDD,  TBMFERATURE^TBMFERAIURE) 
port  map  (N2401 J42201); 

I581:mn(13 

generic  map  (DELAYa>l  m.  FAN0UT->>1,  VDI>a>VDD,  TOMFERArUKE>c>TEMFERArURE) 
port  map  (N1221 JI1973 Jfl984J41381); 

1557:  nor3 

generic  map  (DELAY»1  m,  FANOirT->2,  yODiii>Vl>D,  THMFBRAIUREioTEMPERArURE) 
port  map  (^1420,N1725 J^1992J^U50); 

1566:  name 

generic  imp  (DELAY«>1  m,  FANOirra>l,  VDI>»VDD.  lEMFERATUREi^'IEMFERArURE) 
port  imp  (N1572^136^N1389); 

1565:  noi2 

generic  map  (DELAY»1  m.  FANOirr->2,  INrnXLAYae»l  ft,  VI>Oa>VDD, 
TEMFERArURBuolEMFERATURE) 
port  map  (N1348,N1922J41362); 

IS64:nand2 

generic  map  (DELAY-ol  ns,  FANOUTa>l,  VDDa>VDD.  TEMFERATURE^olBMFERArURE) 
port  map  (N1471,N1201  Jfl6Q2); 


IM3:noi2 

generic  iliip(DBLAY«>l  iii,IV^NOUIW>l,  VDI)->VDD,TBimtAnjRBiOlBlilPBRAnm 
port  mu)  (^1881^1750^1339); 

1561:  nans 

generic  iiM|>(DEUy»l  iic,n^NOUT«>l.VDD«>V»D.TBMniUai]BE->1EMIEI^ 
port  map  (N1881^962^1201); 

1560:  namS 

generic  IMP  (D6LAY»1  ni,IV^NOUTW>l.VI}D->VDD.miFEIUaTJNBi<»1BMPElt^^ 
port  map  (Nl881^1748>n474); 

1539:  nar3 

generic  map  (DELAY«>1  iib,FANOU1W>1,  VDI>»VDD,  TCMFBRAIURBi^lEMPeKAIlJRE) 
port  map  (N1953 J41343 J41344^1341): 

1553:  inv 

generic  map  (DBLAY«>1  m,  FANOUlWi>2,  VDD»VDD.  ISriFmiAniRB^TFMFEXAIURE) 
port  map  ^17.m): 

1552:  inv 

generic  nup(DBLAYai>l  iic,PANQU1W>2,  VDIWVDDtlBMPBRAIlJRBii^TEMnRArURE) 
port  map  (N1303 J41801): 

1551:  nans 

generic  (DBLAY«>1  M.PANOirF»l.  VDD->VDD.  TEMreR>aiJRB-o>lEMI'ER>a^ 

port  map  (N130i;41801  J42001); 

IS49:iiaiid2 

generic  map  (DBLAY«>1  M.  PANOUT»l.  VDP^VDD.  lEMPBRAniRB->'IEMFERAnjRE) 
port  map  (NlS82Jf 1293 J«1394); 

1547:  nanS 

generic  map  (DELAY»1  ni,  FANOUT^l,  VDD^VDD,  lEMPBRAnjREi<>1EMFERAniRE) 
port  nup  (N17^1283 J41899); 

IS46:nand2 

generic  iiup  (DELAY>»1  ns.PANOirno>l.  VDI>i>VDD,  TBMFHlArURE->1CMICRAIllRB) 
port  map  (N1313J^1316JI128S); 

I545:d£Lpe(Igj)nr 

generic  map  (QJFANOUT->  3.  QNJiANOUT^  3.  VDD*>  VDD, 

TBMPERArURB«>  TEMPBRAnJRB) 
port  map  (N1266J^1895J^1301J^1793J41313); 

I544:dflLlwlg_ibar 

geiMic  map  (<l_FANOUT«>  4.  <»l_PANOUT->  1,  VDD->  VDD, 
lEMFERATUREo  lEMPBRATURB) 
port  map  (N1793^1895^1301^17.open); 

1543:  dff_pedg_ri)ar 

generic  nup  (Q_PANOUlW>  3,  (»4J?ANOUT«o  3,  VDD->  VDD. 

moCRArURE->  tEMPERAniRB) 
port  map  (N1897.N189S  Jfl301  J41900J41316); 
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IS42:dfLpedg_ittf 

generic  imp  (OJANOUTiO  2,  QNJ>ANOUT*»  3,  VDD->  VDD, 

IEMFCRATURE^  IEMFBR>m]R^ 
port  map  (N1900^189S;<fI301J41902^1266): 

IS41:  dflLpedgjtbar 

generic  map  ((^ANOUTio  8.  QNJ’ANOUT»  1,  VDD»  VDD. 

IEMPERArURE->  TEMPERATURE) 
port  map  (N1601  JflS72J4200S^17S6.apen); 

1540:  dfifjiedgjbar 

generic  imp  (QJPANOUT->  S.  (^JPANOUTi^  1.  VDDiO  VDD, 

TEMPERATURE^  TEMPERATURE) 
port  map  (N1799,N1S72,N2005,N1471,N1943): 

IS39:dff_pedg_ri»r 

generic  map  (QJANOUT»  6.  (^_EANOUT»  1,  VDDe>  VDD, 

TEMPERATURE>o  TEMPERATURE) 
port  map  (N141S,N1572,N200S4419S0,oiien); 

IS37:dfiF_pedg^ 

generic  imp  (QJ’ANOUT»  8.  QN_FANOUT«o  1,  VDD->  VDD, 

TEMPERATUREk>  TEMPERATURE) 
port  map  (N1916J4140S  J41797 J41S72,open); 

1535:  inv 

generic  map  (DELAY»1  iis.FANOUT>ol,VDDs>VDD,TEMFERATURE»»TEMPERATURE) 
portiiuv(M1750,N1226): 

1533:  dff_pedg_ri»!r 

generic  map  (QJ:AN0UT>»  1,  QNJ’ANOUT-o*  1,  VDD»  VDD, 

TEMPERATURE^  TEMPERATURE) 
port  imp  (N1964J4140S,VCCJ41221  Jfl974); 

1532:  inv 

generic  map  (DELAY»1  m,  FANOUT»l,  VDD^VDD.  TEMPERATURE>o>TEMPERAIURE) 
port  map  (N1961J41968); 

1529:  noi2 

generic  map  (DELAY»1  m,  FANOUT»l,  VDD»VDD,  TEMPERATURE-oTEMFERAIURE) 
port  map  (N1908J41198J4119(i): 

1528:  noiS 

generic  imp  (DELAYol  m,  FANOUT»2,  VDD»VDD,  TEMPERATURE«>TEMFERATURE) 
port  map  (Nil96J41303 J41405 Jfl908): 

1526:  dff_pedgjrhar 

generic  map  ((UANOUTa^  1,  QN_FANOUT>c>  1.  VDD>«>  VDD, 

TEMPERATURE^  TEMPERATURE) 
port  mq>  (N1175  J41961  J41420J41184.oi)en); 

I52S:dfU)edg^ 

generic  map  (Q.FANOUT->  2,  QN^ANOUT-o- 1,  VDD->  VDD, 

TEMPERATURE^  TEMPERATURE) 
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poftmai)  (N1184Jfl961^1420^il81/>pen): 

1524:  dfLpedgjtar 

generic  trap  (Q_FANOUT>o  I  .  QNJANOUT-o  2,  VDD->  VDD, 

IBMPERATlJR&o  TEMPSRAnjRE) 
pact  map  (N1181J<1961  J41420,apen^ll75): 

IS21:inv 

generic  map  (raBIAY«>l  m.  F;iNOUT->4.  VDI>»VDD,  TEMPERAHJIffi-^TBMPERAIURE) 
poet  map  (N1472J«11S9); 

1482:  noc3 

generic  map  (DELAY->1  nr.  FANOUT«>l,  VDD->VDD.  TEMP!JtArURE>>TBMFERAIURE) 
pon  map  (N17S6Jfl9S0;N1471  J713S4); 

1475:  noi2 

generic  nap  (DEIAY»1  na.  FANOUT->U  VDD^VDD,  TEMPERArURB«>TSMICIlAlURE) 
port  map  (N13S9JN136.^I1348); 

1471:  dfiLpedgjtnr 

generic  imp  (QJPANOUT^  1,  JPANOUT->  2.  VD1V>  VDD, 

TEMPERArUKE->  TEMFERAnJKE) 
poR  map  (N1063^1977,NU50,open,N10S3); 

I470:dff_pedg_ri»r 

generic  map  ((LFANOtlT^  l,Q^_FANOUT»  l.VDD»VDD. 

TEMPERArURBi<>  TEMFBRArURE) 
pott  map  (N1989,N1961^1991  J41036.open): 

1469:  dfiLpedgjtiar 

generic  mqi  (QJ'ANOUTao  1.  QNJ>ANOUT->  1.  VDD»  VDD. 

TEMFERATUREi^  lEMICRArURE) 
poit  map  (mOS3JN1063 J41150,N1984.N10S3): 

1468:  inv 

generic  imp  (DELAY->1  ns,  FANOUTol.  VDD->VDD.  miFERAn;RE->lEMI«tArURE) 
poet  map  (N1381 J41046): 

1467:  noi3 

generic  imp  (DE1AY»1  ns.  FANOUr->6.  VDD->VDD,  TEMFERArURE->miFERAriJRE) 
port  imp  (N10S6,N1046341778Jf  1301): 

I466:nand2 

generic  map  (DEIAY-ol  ns,  FANOUT-ol,  VDD->VDD,  mfPERATUREiOlEMPERAniRE) 
port  map  (N2005 Jfl3893^15): 

1465:  noi2 

generic  imp  (DE1AY»1  ns.  FANOUT->l,  VDDi^VDD,  irnfFERATURE^^lEMFERATURE) 
port  map  (N1019J11226341020); 

1464*  noi2 

generic  imp  (DE1AY»1  M.  FANOUT»2.  INmXLAY-ol  ft,  VDD^VDD, 
TBMFERArURE->TBMPERAnJRE) 
port  map  (N1922J41020J^1019): 
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I463:nan(I2 

generic  map  (DELAY->1  ns.  FANOUT->l.  VDD»VDD,  mffER/mntE-^IEMFERAniRE) 
poA  map  (N1008^i013.N1017); 

I462:iiand2 

generic  nug>  PELAY«>1  ns,  FANOUT»l,  VDI>^VDD,  TEMPERATUREi^TEMFERAlURE) 
poet  map  (N140S,N1019,N10i3); 

1461:  nand2 

generic  map  (DELAY«>1  ns,  FANOUT»l,  VDI>->VDD,  miFERArURE->lEMFERAnJItE) 
post  map  (N154,N2201 J11008): 

1459:  inv 

generic  map  (DELAY»1  ns,  FANOUTa>l,  VDI>«>VDD,  TEMPEIVm}RE><>IEMFERATURE) 
poet  nup  ^129  J11004): 

1458:  dff_pedgjrt)ar 

generic  map  (QJPANOUT«>  1,  QNJPANOUT-o  1,  VDDe>  VDD, 

TEMPBR>ai)K&c»  TEMPEIt/mJRE) 
poit  mtp  (N2008J41S72J^42009J11001,op«i); 

1457:  nof2 

generic  m^  (DELAY»1  ns,  FANOUr«>l,  VDDoVDD,  IEMPERArURE->IEMPERATUR£) 
post  nup  (N1472J4997J4995); 

1456:  dff_pedg_itar 

generic  map  (Q_FANOUT-c»  1,  QN_FANOUT«>  1,  VDD«>  VDD, 

TEMFGRArUSE><>  TEMPERATURE) 
poet  map  (N9g8J41922J42013  J4997,o|)en): 

1455:  dff_pedgjtar 

generic  map  (QJ»ANOUT->  1,  QNJRANOUT->  1,  VDIK>  VDD, 

TEMFERATUREiO  TEMPERATURE) 
pon  map  (VCX:j41159J42013,N988,open); 

1454:  noi2 

generic  map  (DELAYol  ns,  FANOm'e>l,  VDD»VDD,  TEMPERArURE»TEMFERATURE) 
port  iiup  (N154  J4974 J4979); 

1453:  noi2 

generic  map  (DELAY->1  ns,  FANOUT>ol,  VD1»VDD,  TEMPERArURE»TEMFERArURE) 
port  map  (N1472,N1344 J4976); 

1452:  noi3 

generic  imp  (DELAY>b>1  ns,  FAN0in>B>2,  INnDELAYB>l  fs,  VDI>b>VDD, 
TEMFERArURE»TEMPERATX;RE) 
port  map  (N979 J^976,N1004JW4); 

1451;  not2 

generic  map  (DELAY->1  ns,  FAN0UT->3,  VDD->VDD,  TEMPERATURE^TEMPERATORE) 
port  map  (N974J41001 J4968); 

1450;  noi2 

generic  m^>  (DELAY»1  ns,  FAN0U1‘»3,  VD1>»VDD,  lEMPERArURE«>TEMPERATURE) 
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port  map  (N1781  JW55,N2481); 


1449:  inv 

generic  iiuq>  (DBLAY»1  ns,  FANOUTol,  VDD-oVDD,  TEMPERArURE->IEMFERAIX;RE) 
port  map  (]^9,N961); 

1448:  nand2 

generic  (DELAY»>1  ns.FANOUT«>l.  VDD»VDD.  rnfFERATUKE^^IEMPERAIURE) 
port  map  (N1159,N968 J4959); 

1447:  inv 

generic  mq>  (DELAY»1  m.  FAN0UF»2,  VD1>->VDD.  lEMICRAnjRE>o>lEMFERAroRE) 
port  map  (N1344 J495S); 

I44S:noi^ 

generic  map  (DELAY«>1  ns,  PANOUT>i>l,  VDI>»VDD,  TEMFERAnjRE«>TEMFERAIURE) 
port  1IU9  (N968 J434  J413S4,N9S3); 

1444:  noc3 

generic  m^  (DELAY>»1  ns,  FANOUT>ol,  VDDsoVDD,  IEMPERArURE>^TEMFBRAnJRE) 
port  map  (N961J4948Jf 1420^4946); 

I443:iiot2 

generic  m^  (DELAYs>l  ns,  FANOUT«>l,  VDD-oVPD,  TEMFERArURE-c>TEMPERArURE) 
port  map  (N955,N946,N94S); 

ISO;  inv 

generic  map  (DELAY<o>l  ns,  FANOUT«»2,  VDD-oVDD,  TEMFSRArURE-<>lEMPERA1lJRE} 
port  map  (N214Jt42497); 

149:  noril 

generic  mqi  (I«LAY«>1  ns,  FANOUT»l,  VDDnoVDD,  1EMFERArURE->lEMFERAn;RE) 
port  map  (N2481 J42497,N2U); 

148:  noi2 

generic  map  (I>ELAY«>1  ns,  FANOUT«>2,  VDDi^VDD,  TOMFERATURE^^IEMPERATURE) 
port  map  (N2481,N214J4248S); 

144:  inv 

generic  map  (DELAYsol  ns,  FAN01]T->1,  VDDiOVPD,  lEMFERATUR&o’IEMFERAITJRE) 
port  map  (N2500JM196): 

143:  inv 

generic  map  PELAY«>1  ns,  FANOUT->4,  VDD^VDD,  1BMF!ERArUR2>c»lEMPBRArURS) 
portmip(N1962J^1767); 

142:  nanctZ 

grtieric  map  PELAYs>l  ns,  FANOUT»2,  VDD>oVDD.  TEMPERArURE->lEMFERAnJRE) 
port  map  (N1S6J4194024190); 

141;  nand2 

generic  nu^)  (DELAYb>1  ns,  FANOUTb>2,  INni^LAYai>l  ft,  VDIV>VDD, 
TEMPERATURE->IEMimAXURE) 
port  map  (N160J4184,N180); 
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140:  iiand4 

generic  mv  (DELMT-ol  ns,  FANOUTtol,  VDD->VDD,  TCMPERAnjRE«>TBMFERAII}RE) 
port  map  {Ni80,N2005 J4144J4190  184); 

139:  iiand2 

generic  iiiq>  (DELAY«oi  ns,  FANOUT»5,  VDIte>VDD.  TEMFERAn)RE->lEMFERAn]KE) 
port  map  (N174  J41722 1962): 

08:  iund2 

generic  niq>  (DELAY»1  ns,FANOUTs>l,  VDIV>VDD.  TEMFERArURE«>lEMPERAnJRE) 
port  map  9^180J4168  J^174): 

07:  inv 

generic  map  (DELAYs>l  ns,  FANOOTol.  VDD->VDD,  TEMFERATURE^lEMFERAniRE) 
port  map  (N1722J4173); 

06:  nand2 

generic  (DELAY»1  ns,  FAN0UT«>2,  VDDaC»VDD,  7miICRAnjRE«>TEMFERA'nJRE) 

pot  imp  (N1S6J^173,N144); 

OS:  nand4 

generic  map  (DELAYs>l  ns.  FANOUT»l.  VDDoVDD,  'IFIriFGRArUSEB>'IEMFERATURE) 
port  mq>  (N168  J^13S6,N1763>~1722,N160); 

04:  noi2 

generic  m^  (DELAY»1  ns.  FANOUTs>l.  VDDb>VDD.  TEMPERATUREi^lEMPERATlJRE) 
port  map  (N2407J4132J41S7); 

03:  inv 

generic  mqi  (DELAY>!>1  n$,FAN0lJT»3,  VDD=>VDD,  TEMFERATURE^TBMFEILVnJRE) 
port  map  (N1SS,N1S6); 

02:  nand3 

generic  m^  (DELAYs>l  ns,  FAN0UT«>1,  VDD=>VDD,  TEMFERArURE»'IEMPERAn)RE) 
port  map  (N248SJK172S,N19S0,N148}; 

01:  nand4 

generic  map  (DELAY^ol  ns,  FAN0UT»1,  VDI>->VDD.  imiFERAmRE-c>lEMFERArURE) 
port  map  (N168J4200S  J^144J4190J4143); 

130:  nand2 

generic  map  (DELAYb>1  ns,  FAN01JT>>3,  INITDELAY>>1  fs,  VDDb>VDD, 
TEMFERATUREO’TEMPERATUSE) 
port  map  (N148,N143  J^168); 

129:  no(2 

generic  nup  (DELAYs>l  ns,  FANOlJrs:>l,  'VDI^>VDD,  TEMI'ERAJURE>>'1EMFERAIIJRE) 
port  m^  (N3,N154J4132); 

127:  nan<i2  _ 

generic  m^  (DELAYs>l  ns.  FANOUr»l,  VDD»VDD.  TEMPe3tAniRE»‘IEMFERAIl]RE) 
port  mv  (N2201 J^1S72,N129); 
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123:  dfLpodgjtflr 

gmelfelnv(QJV^N0UTiO^5.QNJV^^KX^'-^  1,VDD»VDD, 
lEMFStATURE-^  lEMFERATURE) 
pot  map  (N1934^1572J4200S^1472,oiien); 

122:  nand2 

generic  map  (DELAY»1  u.  FAN0UIW>1,  VDD»VDD.  TBMPERArURE->lEMPERArURE) 
poet  map  (Ni343^1Q2J4107); 

121:  ikx2 

generic  mq»  (DELAYa>l  ns.  SAN01]Tb>1,  VDDb>VDD.  TEMFERATUREioTEMFERArURE) 
pot  map  (^1236 jn780.N102): 

118:  noiS 

generic  nuv  (DELAY»1  ns.  FAN0UT»3.  VDI>»VDD.  TEMPERArURE»TSMPERArURE) 
port  iiup  (N1780^1236.N1343J41934): 

117:  dff_pedg_ri>ar 

generic  map  (QJ>ANOUra>  1.  (^JFANOUT<o  2,  VD1>>>  VDD. 

TEMFERATURB^  lEMFERATUR^ 
port  map  (VGCJC0Q5JN1997Jf 1468 Jf 1236); 

116:  dffj)edg_ri>ar 

generic  map  (QJANOUT->  3.  <^4_PANOUT->  1.  VDD->  VDD. 

lEMFERAnjRE»>  TEMPERATURE) 
port  map  (VCX:JN11S9JN20Q3  J41343.apen): 

113:  naiid2 

generic  m^  (DELAYol  ns.  FAN0UT»1.  VDDoVDD.  lEK(FERArilRE->TEMPERAIURE) 
port  map  (N1961 J42201 J41S5); 

112:  iiiv 

generic  map  (DELAY»1  m,  FAN0UT»2,  VDDb>VDD,  lEMFERATUR&O'TBMFERArURE) 
port  map  (N1922J434); 

Ill:  inv 

generic  im^)  (DELAY«>1  n5.FANOUT«>2.  VD1>»VDD.  TEMFERATURE^IEMPERATURE) 
port  mqt  (N1887,N948); 

110:  inv 

generic  map  (DELAY->1  ns.  FANOUT»l.  VDD->yDD,  TEMFERATURE-olEMFERAIURE) 
port  map  (N2407J429); 

19:  noi2 

generic  inq>  (DELAY»1  ns.  FANOUT«>2.  VDD»VDD.  lEMPERATUREioIEMFERATURE) 
port  map  (N1793 Jfl902J41356); 

18:  no(2 

generic  m^  (DELAY^l  iis,FANOUT->8.  VDD»VDD.  TEMFERATURE-oTEMPERATURE) 
port  map  (N17Jf  1313  1961); 

17;  nand2 

generic  map  (DELAY»1  ns.  FANOUr»3.  VDD->VDD.  TEMFERATURE^TEMFERAIURE) 
port  map  (N29J43jn344); 
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16:  noc2 

generic  mp  (DELAY«>1  ns,  PAN0UT»4.  VDI>»VDD,  imfFER>mJltE->lEMFERAnJRE) 
post  mp  CN1316,N17  1SS2); 

IS:  not! 

generic  iiiq>  (DELAY«>1  ns,  FaNOUT->S,  VDDm>VDD,  TEMFCRATURE^IEMFERATURE) 
poft  map  (N1266,N1313,N1S4); 

14:  noi2 

generic  map  (DELAY-o^l  ns,  FANOUT»S.  VDI>»VDD,  TfiMPBRArUItE->lEMPERAnJRE) 
poit  map  (N1902J41316J41922): 

D:  noi2 

generic  map  (DBLAY->1  ns.  FANOUT»2,  VDD->VDD.  TEMPERATURE-^IEMPBRATURE) 
poit  map  (N1900J41266J41887); 

12:  nof2 

generic  map  (IffiLAY->l  ns,  FANOUT»4.  VDD»yDD.  TEMPERArURE-c>TEMPBRATlJRE) 
port  map  (N2J419()0 J41405): 

11:  no(2 

generic  map  (DELAY-ol  ns.  FANOUT«>2.  VDD->VDD.  lZMPEIUmJRE->1EMFBRATURE) 
port  map  (N1793J42J43); 

end  struct; 


use  STD.Standarlall; 
usewoik.tablesJdl; 
use  wotk.gem_oonstants^; 
use  woik.gem_delay&all; 

entity  clip396nnd  is 

port  (CLOCK:  in  bit; 


RSTSW:  in 

bit; 

SWHOLDN:  in  bit; 

EXHOLDN:  in  bit; 

FCHFFN:  in 

bit; 

LLIMN:  in 

bit; 

RLT  in 

bit; 

VHFHL  in 

bit; 

ROT.  in 

bit; 

PLT  in 

bit; 

POT  in 

bit; 

PMAX:  in 

bit; 

TCI:  in 

bit; 

TUNERST  in 

bit; 

NOTUNE:  in 

bit; 

SWENAN:  out  bit; 

FINE:  out 

bi4 

HOME:  out 

bit; 

TUNE:  out 

bit; 

isi 


BLfiGFP:  out  Ut; 

NC^MAL:  out  Wt; 

RSTFUL;  out  bit; 

EXEC:  out  bit; 

ENPCIR:  out 
LCMD:  out  Int; 
MODSAME>N:oat  bit; 

ENPSIO:  out  bit; 

KMINUSN:  out  Ut; 

RFLUSN:  out  Ut; 

SBTDIR:  out  bit; 

FULSEDIR:  out  Ut; 

DIR:  out  Ut; 

CRSE:  out  Ut; 

EXDISN:  out  Ut; 

FRCIR:  out  Ut; 

HOLD:  out  Ut); 

end  chp396mod; 

architecture  clit396  of  chii396inod  is 
component  chp396 

generic  (lEMFCRATURE:  real;  VDD:  real) 

post  (CLOCK  :  in  Ut; 

RSTSW  :in  Ut; 

SWHOU>N:m  Ut; 
EXKOLDN:in  Ut; 

FCHEFN  ;in  bit; 

LUMN  :in  Ut; 

RLT  :in  Ut; 

VHFK  :in  Ut; 

RGT  :  in  Ut; 

FLT  :  in  Ut; 

PGT  :  in  bit; 

PMAX  :  in  bit; 

TCI  :  in  Ut; 

TUNERST  :in  Uu 
NOTUNB  :in  Ut; 

SWENAN  :  out  Ut; 

FINE  :out  Ut; 

HOME  :  out  Ut; 

TUNE  :  out  Ut; 

RUBGFF  :  out  Ut; 

NORMAL  :  out  bit; 

RSIFUL  :  out  Ut; 

EXEC  :  out  Uu 
ENPCIR.  :out 
LCMD  :  out  bit; 
MODSAMFN:out  Ut; 

ENPSIO  :  out  Ut; 

RMINUSN  :out  Ut; 


RI1.USN  :  out  Ut; 

SEIDIR  :oiit  bit; 

PULSEDIR :  out  Ui; 

DIR  :  out  bil; 

CRSB  :out  bit; 

EXDISN  :  out  bit; 

FRCTR  :out  bit; 

HOLD  :  out  bit); 

end  component; 

to  NO:  chp396  use  entity  wQikxlip396(stnict^, 
begin 


-  This  section  passes  through  die  Voltage  VDD  and  tenqienttire  values  toifae- 
..  structure  whbtii  passes  it  through  generic  mips  into  the  gates.  Tbis  - 
-method  allows  tire  user  to  change  the  values  as  needed  without  having  to  ~ 

-  change  anything  else  in  other  source  code  progiams. 


NO:chp396 

generic  map  (TEMPERA1URE->298.15.  VDD»  10.0)  -  298.15  K.  10  Vblts 

pan  mq>  (a.0CIC3STSW3WH0LDNJEXH0U>NJPCHFm  JXIMNja.T.VHFmjRGTJTJ, 
POT3iAX.TCl,TlJNBRSTWTUNE;S'WENANJ!INE4IOME,TUNE4tLEGFF, 
NORMAIJRSTFULJBXEC.ENI<7najCMDAfODSAMFN£NPSIGJRMlNUSN, 
Rn.USN.SETD]RjmSEDIRJ}IR.CRSE3XDISNJ>RCTRJH0LD); 

endchp396; 


use  STD.Standaid.all; 
use  woric.tables.all; 
use  woifc.gemi_oonstants.all; 
use  woifc.gem_delaysjdl; 


-Test  bench  to  simulation  of  die  SM-B>746396  integrated  circuit  of  the  -• 
"FRC-70  radio.  The  clock  cycle  is  scaled  to  4000  ns.  - 


entity  tesLchp396  is 
end  tesLchp396; 

architecture  test396  of  te8t_chp396  is 

signal  CLOCK  :  bic-’O’; 

signal  RSTSW  :  biCa’O’; 

signal  SWHOLDN  : 
signal  EXHOLDN  :  bh.-«’l’; 

signal  FCHFFN  :  biC-T; 
signal  LLIMN  :  bit"'!’; 
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ricnalKU 

:  blt:-’0’: 

simalVHPHI 

:  l)it>*r; 

Signal  ROT 

:  Wt:«*0’; 

signal  FLT 

:  Wc-’O’; 

signal  POT 

:  bte-'O*: 

signal  PMAX 

;  bic-’O*; 

signal  TCI 

:  biir-’l’; 

sipialTUNERST 

:  bit:>’l' 

signal  NOTUNB 

;  bif-’r 

signal  SWBNAN 

:  fail; 

signal  FINE 

:  bit; 

signal  HOME 

:  bit; 

si^TUNB 

:  bh; 

signal  RLEOFP 

:  Ut; 

signal  NORMAL 

:  bit; 

signal  RSITOL 

:  bit; 

signal  EXEC 

:  Ut; 

signal  ENPCTR 

;  Uc 

signal  LCMD 

:  bit; 

sivialMODSAMFN  :  bit; 

signal  ENPSIO 

:  Ut; 

signal  RMINUSN 

:  Ut; 

signal  RPLUSN 

:  Ut; 

signal  SBTDIR 

:  Ut; 

signal  KJLSEDIR 

:  Ut; 

signal  DIR 

:  Ut; 

signal  CRSE 

:  Ut; 

signal  EXDISN 

:  Ut; 

signal  FRCIR 

:  Ut; 

signal  HOLD 

:  bit; 

signalLl 

;  Ut-’O’; 

signalL2 

;  Uc-’O’; 

signal  CLOCKA 

:  Ut:-’0’ 

signal  CLOCKB 

:  Uc-’O’; 

signal  CLOCKC 

:  Uc-T; 

signal  STOP 

:  bif-'O’; 

component  Glip396inod 

port  (CLOCK  ;  in  Ut; 

RSTSW  :in 

Ut; 

SWHOLDN: 

in  Ut; 

EXHOLDN:] 

in  Ut; 

FCHFFN  :in 

Ut; 

UJMN  :in 

Ui; 

RLT  :in 

bit; 

VHFHI  :in 

Ut; 

RCT  :in 

bit; 

FLT  :in 

Ut; 

POT  :in 

bit; 

PMAX  :in 

Ut; 

TCI  :in 

Ut; 

TUNBRST:in  Uu 

NOTUNE  :in  Ui; 

SWENAN  :out  Ut; 

FINE  tout 

bit; 

HOME  tout 

Ut; 

TUNE  tout 

Wi; 

RLE(3FF  tout 

bit; 

N(»MAL  tout 

bit; 

RSITUL  tout 

bit; 

EXBC  tout 

bit; 

ENFCIK  tout 

bit; 

LCMD  tout 

bit: 

MODSAMFNtout  b 

ENPSIO  tout 

bit; 

RMINUSNtout 

bit: 

SFLUSN  toot 

bit; 

SB1DIR  toot 

bit; 

FULSEDlRtoot 

bit; 

DIR  t  out  bit; 

CRSB  tout 

Int; 

BXDISN  tout 

bit; 

IRCTR  tout 

bit; 

HOLD  tout 

bit); 

end  component; 

for  CH:  ch{i396niod  use  entity  ivodcclip396niod(clq>39Q; 
l)^in  -  inputstimuli 

ROT<^  Tifter4S400Ons.*O’after46000Ons.TafforS0000Ons, 

H)*  after  S18000  ns.  T  afiv  536000  ns.  *0*  afler  338000  ns. 

T  after  862000  ns. ‘0’ after  872000  ns.  T  after  1192000  ns. 

*0’  after  1264000  m.  *1*  after  1372000  ns.  *0*  after  1406000  ns. 

‘1’  after  1452000  m.  ‘O’  after  1460000  ns.  ’1’  after  1522000  ns. 

’O' after  1778000  m.  *1’ after  7858000  ns. ’O’ after  1906000  ns; 

RLTo  *l’aftBr378000m.*0’aftBr382000m.*l’after622000ns. 

*0’ after  830000  ns. ’1’ after  1184000  ns. ’0’ after  1228000  ns. 

’1’  after  1336000  m.  ’O’  after  1370000ns.  ’1’  after  1410000  ns. 

’0’  after  1450000  ns.  ’1’  after  1458000 ns.  ’0’  after  1524000  ns; 

VHFHI  ‘0’ after  1140000  ns. ’1’ after  1170000  ns,  *0’ after  1814000  m. 
’1’  after  1904000  m.  ’0’  after  1906000ns; 

PGT^  ’1’ after  1174000m. ’O’ after  1196000 m.’!’ after  1266000 ns. 
*0’  after  1300000  m,  ’1’  after  1414000  ns.  ’0’  after  1467000  ns, 

’1’  after  1526000  m,  ’0’  after  1780000  ns.  ’1’  after  1904000  ns, 

*0’  after  1918000  m.  ’1’  after  1956000  ns; 

PLT<>  *l’aftBr490000ns,‘0’after566000m.’l’after578000ns. 

*0’ after  606000  ns, ’1’ after  1136000  ns. ’0’ after  11620001)8, 

’1’ after  1302000  ns. ’O’ after  1412000  ns, ’1’ after  1782000  ns, 

’0’ after  19S8000m; 

TUNEBST  oc’O’ after  2000  ns, ’1’ after  574000  ns. ’O’ after  576000  ns. 

’  r  after  618000  ns. ‘0’ after  620000  m.  ’  r  after  1226000  ns, 

*0’ after  1228000  ns.  ’1’  after  1920000ns,  ’O’  after  1922000  ns; 
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FCHPm  <^’0*  after  20(X>  u.  n*  «ter4000  M.  after  ]l98(m 

T  after 200000  ns; 

TClo  ‘0’after352000iis.Tafter388000n8.*0’after834000ns. 
T  after 848000  ns.  *0’ after  1108000  ns. ‘r  after  1136000  ns. 

*0’ after  1728000  m; 

PMAX<q>  T after 284000 m.‘0* after 364000m. ‘rafter 844000 ns. 
*0' after 902000  ns.  T  after  1S06000  M.  *0’ after  1S28000  ns; 

RSTSW  o  T  after  2S0000  ns.  *0*  after  364000  ns, ‘r  after 428000  ns. 
*0’ after  628000  ns.  T  after  900000  ns; 

EXHDLDN^’O*  after  230000  ns.  *r  after  240000  ns; 

SWHOLDN  <»’0’ after  238000  ns.  T  after  246000  ns; 

NOTUNB<«*0‘  after  2000n3.  ‘1*  after  196000  ns.  *0*  after  198000  ns. 
T  after  830000  ns. ‘0’ after  832000  ns; 

LLIMN<«  *0’  after418000ns.  ‘1’  after444000ns,  ‘O*  after  S76000  ns. 
T  after  604000  ns. ‘0’ afterOlOOOOns.  T  after  1106000  ns. 

‘0’  after  1538000  ns.  ‘1*  after  1726000  ns.  ‘0’  after  1760000m, 

T  after  1772000  m; 

Ll<-  Tafter4000 ns. ‘0’ after  194000 ns. 

‘1’ after  288000  ns.  *0’ after  350000  M. 

‘1*  after  384000  ns, ‘0’ after  420000  ns. 

‘1*  after  432000ns.  *0’  after442000ns. 

‘1'  after 492000  ns.  ‘0’  after  498000ns. 

T  after  520000  ns. ‘0’ after  534000  ns. 

T  after  S80000  ns,  *0’ after  606000  ns, 

‘1’ after  836000  ns, ‘0’ after  842000  ns. 

‘1’ after  852000  ns, ‘0’ after  858000  ns. 

‘1’ after  864000  ns, ‘0’ after  870000  ns. 

‘r  after 912000  ns.  ‘0’  after  1134000  ns, 

‘r  after  1144000  ns.  *0’  after  1166000  ns. 

‘r  after  1176000  ns.  ‘0’  after  1190000  ns. 

‘r  after  1268000  m.  ‘0‘  after  1298000  ns. 

‘1’  after  1304000  m.  ‘0’  after  1334000  ns. 

‘r  after  1416000  M.  ‘0’  after  1446000  ns, 

‘r  after  1464000  ’>s.  ‘0*  ai>r  1502000  ns. 

‘r  after  1540000  m.  *0’  after  1758000  ns. 

‘1’  after  1784000  m,  ‘0’  after  1854000  ns. 

‘r  after  1924000  m.  *0’  after  1954000  ns, 

U*  after  1960000  r.s.  ‘0’  after  1988000ns; 

L2<«  ‘rafter 202000 ns, ‘0’ after 228000 ns. 

‘r  after  246000  ns, ‘0’ after  280000  M, 

‘1’  after  354000  ns,  ‘0’  after  376000  m, 

‘r  after 446000  ns. ‘0‘ lAer  452000  ns. 

‘r  after 462000  ns. ‘O' after  488000  ns. 

‘r  after  502000  ns, ‘0‘ after  516000  ns. 
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T  after  S38000m,  *0*  after  S«4000  ns, 

T  after  610000  ns,  *0’ after  616000  ns. 

*r  after  630000  ns,  *0’ after  828000  ns, 

T  after  874000  ns,  after  896000  ns, 

after  1198000  ns,  'O'  after  1224000  ns. 

*1'  after  1230000  ns,  ‘0*  after  1260000  ns, 

'1'  after  1338000  ns,  'O’  after  1368000  ns, 

*1*  after  1374000  ns,  'O’  after  1404000  ns. 

after  ISIOOOO  m,  'O’  after  1520000  ns. 

*1’  after  1530000  w,  'O’  after  1536000  ns. 

*1’  after  1762000  m.  *0’  after  1768000  as. 

*1’  after  1862000  M,  'O’  after  1902000  ns, 

*1’  after  1910000  ns,  ‘O’  after  1916000ns; 

CLOCSCA  <^*1’ after  194000  ns,  *0’ after  202000  ns, 
‘1’ after  228000  ns. 'O’ after 232000  ns. 

‘1’ after  234000  ns, ‘0’ after 236000  ns. 

T  after  242000  ns, ‘0’ after  244000  ns. 

after  280000  ns, ‘0’ after 282000  (.s. 

‘1’ after  286000  ns. 'O’ after 288000  ns. 

*1’ after  350000  ns. ‘0’ after  354000  ns. 

after  376000  ns. ‘O’ after  384000  ns, 

*1’ after 418000  ns. ‘O’ after 420000  ns. 

‘1’  after 424000  ns.  ‘0’  after 426000  ns. 

‘1’  after 430000  ns,  ‘0’  after432000ns. 

‘1’ after 442000  ns, ‘0’ after 446000  ns. 

‘1’  after 452000  ns.  ‘0’  after 456300  ns. 

‘1’ after 458000  ns. ‘0’ after 462000 ns, 

’1’  after 488000  ns.  ‘0’  after492000ns. 

‘1’ afier498000  ns. ‘0’ after  502000  ns. 

‘1’ after  516000  ns. ‘0’ after  520000  ns. 

*1’  after534000ns,  ‘O’  afterS38000ns, 

‘1’ after  564000  ns. ‘O’ after  570000  ns. 

‘1’ after  572000  ns. ‘O’ after  580000  ns. 

‘1’ after  606000  ns. ‘O’ after 610000  ns. 

‘1’ after 616000  ns. ‘O’ after  624000  ns, 

‘1’ after  626000  ns. ‘O’ after  630000  ns. 

‘1’ after  828000  ns. ‘0’ after  836000  ns. 

‘1’ after  842000  ns. ‘0’ after  846000  ns. 

‘1’ after  850000  ns, ‘O’ after  852000  ns. 

‘1’ after  858000  ns. ‘O’ after  864000  ns. 

‘1’ after  870000  ns. ‘O’ after  874000  ns, 

‘1’ after  896000  ns. ‘O’ after  898000  ns. 

‘1’ after  904000  ns. ‘O’ after  906000  ns, 

‘1’ after  908000  ns. ‘0’ after  912000  ns, 

‘1*  after  1134000  ns.  ‘O’  after  1138000  ns. 

‘1’  after  1142000  ns.  ‘O’  after  1144000  ns. 

‘1’  after  1166000  ns,  ‘O’  after  1176000  ns. 

‘1’  after  1190000  ns.  ‘O’  after  1198000  ns. 

‘1’  after  1224000  ns.  ‘0’  after  1230000  ns, 

*1’  after  1260000  ns.  ‘O’  after  1268000  ns. 

‘r  after  1298000  ns,  ‘O’  after  1304000  ns. 

‘1’  after  1334000  ns.  ‘O’  after  1338000  ns. 

‘1’  after  1368000  ns.  ‘O’  after  1374000  ns. 
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‘1’  tfter  1404000  m.  *0’  after  1416000  m. 

‘r  aftar  1446000  m,  *0*  after  14S4000m. 

*r  after  14S6000  m.  *0*  after  1464000  m, 

*r  after  lS02000m.  ‘0*  after  lS04000m, 

T  after  1S06000  m.  *0*  after  ISIOOOO  m. 

T  after  lS20000m,  *0’ after  1530000m, 

T  after  1536000  m.  *0*  after  1540000  m. 

‘1*  after  1758000  m,  *0’  after  1762000  ne, 

*r  after  1768000  m,  *0’ after  1770000  ne. 

T  efler  1774000  m,  *0*  after  1784000  m. 

T  after  1854000  m.  after  1856000  nt, 

T  after  1860000  m.  *0*  after  1862000  m. 

T  after  1900000  m,  *0’ after  1902000  m. 

T  after  1908000  m.  *0’ after  1910000  m. 

T  ^  1916000  m,  *0*  after  1924000  ns, 

*r  after  1954000  ns.  *0’  after  lS60000ns: 

CLOdCB  <- not  CLOCaCB  after  2000  ns; 

CLOCKC<-irtCLOCKC  after  2000 ns; 

STOP<a  *  rafter 2000000  ns; -seofi  time  when  simiilttkmeitds. 

CH:chp396mo(l 

port  nap  (OXlOUtSTSWjS  WHQU>N,EXHQLDN  JCHFWJLLIMN 
I<rrjMAX.TCl.TUNERSTJ4Cm2NE,SWBNANJWB4iOM^ 
NORMA141S1PUL.EXEC,ENl<rnUXa4DJ^I>SAMFNJBNPS]0,BMINl^ 
RIl,USN,SE1DIRJ>UIJEDIIU>IR.atSEJBXDISN4«CllUIQ^ 


PI:  process  -  process  loincoipoiate  a  peqwtualninning  clock  taiiio  the  test 
b^in 

wait  for  1  ft; 
ifLl-*rtlien 
CLOCK  <*CLOCKB; 
elsifU-Tthen 
CLOCK  <-CLOCKC; 
dse 

CLOCK  <nCLOCKA; 
end  if; 

wait  on  LI,  L2,  CLOCKA,  CLOCKB.  CLOCKQ 
end  process  PI; 

P2;  process  -process  to  stop  die  simulation  at  a  q>edfied  time, 
begin 

wait  unto  STOP-*!’; 
assert  S’iOP  -  *0’ 

rqxxt  “end  of  simuladon  after  2  ms" 
severity  FAILURE; 
end  process  P2; 

endiBst396; 
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ARMY  RESEARCM  LABORATORY 
ELECTRONICS  AND  POWER  SOURCES  DIRECTORATE 
CONTRACT  OR  IN-HOUSE  TECHNICAL  REPORTS 
MANDATORY  DISTRIBUTION  LIST 


Defense  Technical  Information  Center*  Commander*  CECOM 

ATTN:  DTIC-OCC  R&D  Technical  Library 

Cameron  Station  (Bldg  5)  Fort  Monmouth,  NJ  07703-5703 

Alexandria.  VA  22304-6145  (1)  AMSEL-IM-BM-I-L-R  (Tech  Library) 

(*Note:  Two  copies  will  be  sent  from  (3)  AMSEL-IM-BM-I-L-R  (STINFO  ofc) 

STINFO  office.  Fort  Monmouth,  NJ) 

Oi rector 

US  Army  Material  Systems  Analysis  Actv 
ATTN:  DRXSY-MP 

(1)  Aberdeen  Proving  Ground,  MD  21005 

Commander,  AMC 
ATTN:  AMCDE-SC 
5001  Eisenhower  Ave. 

(1)  Alexandria.  VA  22333-0001 

Di rector 

Army  Research  Laboratory 
ATTN:  AMSRL-D  (John  W.  Lyons) 

2800  Powder  Mill  Road 
(1)  Adel  phi,  MD  20783-1145 

Di rector 

Army  Research  Laboratory 

ATTN:  AMSRL-DD  (COL  Thomas  A.  Dunn) 

2800  Powder  Mill  Road 

(1)  Adelphi,  MD  20783-1145 

Di rector 

Army  Research  Laboratory 
2800  Powder  Mill  Road 
Adelphi,  MD  20783-1145 
(1)  AMSRL-OP-CI-AD  (Tech  Pubs) 

(1)  AMSRL-OP-CI-AD  (Records  Mgt) 

(1)  AMSRL-OP-CI-AD  (Tech  Library) 

Directorate  Executive 

Army  Research  Laboratory 

Electronics  and  Power  Sources  Directorate 

Fort  Monmouth,  NJ  07703-5601 

(1)  AMSRL-EP 

(1)  AMSRL-EP-T  (M.  Howard) 

(1)  AMSRL-OP-RM-FM 
(22)  Originating  Office 

Advisory  Croup  on  Electron  Devices 

ATTN:  Documents 

2011  Crystal  Drive,  Suite  307 

(2)  Arlington.  VA  22202 
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ARMY  RESEARCH  LABORATORY 
ELECTRONICS  AND  POWER  SOURCES  DIRECTORATE 
SUPPLEMENTAL  DISTRIBUTION  LIST 
(ELECTIVE) 


Deputy  for  Science  &  Technology 
Office,  Asst  Sec  Army  (R&D) 

(1)  Washington,  DC  20310 

HQDA  (DAMA-ARZ-D/ 

Dr.  F.D.  Verderame) 

(1)  Washington,  DC  20310 

Director 

Naval  Research  Laboratory 
AHN:  Code  2627 
(1)  Washington,  DC  20375-5000 

USAF  Rome  Laboratory  Technical  Library 
ATTN:  Documents  Library 
FL2810.  Corridor  W,  Ste  262,  RL/SUL 
26  Electronics  Parkway,  Bldg  106 
(1)  Griff Iss  Air  Force  Base,  NY  13441-4514 

Dir,  ARL  Battlefield 
Environment  Directorate 
AHN:  AMSRL-BE 
White  Sands  Missile  Range 
(1)  NM  88002-5501 

Dir,  ARL  Sensors,  Signatures, 

Signal  &  Information  Processing 
Directorate  (S3 I) 

AHN:  AMSRL-SS 
2800  Powder  Mill  Road 
(1)  Adel  phi,  MD  20783-1145 

Dir,  CECOM  Night  Vision/ 

Electronic  Sensors  Directorate 
ATTN:  AMSEL-RD-NV-D 
(1)  Fort  Belvoir,  VA  22060-5677 

Dir,  CECOM  Intelligence  and 
Electronic  Warfare  Directorate 
ATTN:  AMSEL-RD-IEW-D 
Vint  Hill  Farms  Station 
(1)  Warrenton,  VA  22186-5100 

Cdr,  Marine  Corps  Liaison  Office 
AHN:  AMSEL-LN-MC 
(1)  Fort  Monmouth,  NJ  07703-5703 
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